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“PROSPECTING FOR THERMAL POWER PLANT SITES”a 


This paper presents essential site » requirements and reviews certain. ex- E 
-periences in the selection of sites for modern stations in the Tennessee _ 
Valley Authority power system. Special problems dealing with mapping, 
foundation explorations, and condenser -water s systems encountered in ‘site- 
_ feasibility studies are discussed, 


INTRODUCTION 
ai Like most engineering problems, the search for a suitable power-plant site 
is essentially a process of finding the most complete and economical fit of 
_ requirements with available resources by the identification and evaluation of 
many alternative possible solutions. This sounds formidable but it has “s 
lighter moments. For example, why does scheduled field work frequently coin- 
_ side with bad weather? Why is it that farm property is subdivided for home 
_ gites just before it is found to be a good plant site? ‘Why do the first core 
borings pick up only the high spots or only the valleys of the underlying rock? 7 
At times one may become almost convinced that the most reliable evidence of 
a suitable steam plant site is the presence of a cemetery and a sizable deposit 
_ of Indian relics on a tract of land recently subdivided! © a 
‘There are 41 ,000 sq miles in the Tennessee Valley. Powerserviceextends _ 
; over an area about twice this size. _ The shore line of existing lakes onthe Tenn- | 
-essee River and tributary streams aggregates some 10,000 miles in length. Un- 
= developed stretches of tributary rivers would add up to hundreds of miles. 
ae Lands along the shore lines of these lakes and rivers, andstreams in adjoining ” 
7 ‘watersheds, are the hunting grounds for r site prospecting in the TVA system. — 
_ Site prospecting starts with determination of a general | area within which 
the next increment of additional generating capacity is needed, Also: essential — 


Tiga Note.—Discussion open until July 1, 1960. To extend the closing date one month, a — 


7 written request must be filed with the Executive Secretary, ASCE. This paper is part E.. 
of the copyrighted Journal of the Power Division, Proceedings of the American 7 
of Civil Engineers, Vol. 86, No. PO 1, February, 1960. 
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PROSPECTING FOR THERMAL POWER ‘PLANT ‘SITES 
is mains of the amount of that increment (the initial plant installation) 2 ~ 
a fairly reliable appraisal of the probable ultimate plant capacity. In the TVA | 7 
7 system, the general location has usually involved areas described roughly by z 
a | circle some 100 miles in diameter. - Site selection during the past 10 yr have 
been. based on initial installations in the order of 500,000 kw, and ultimate plant _ 
_— Anatallations ranging from 750,000 kw to 2,500,000 kw. The size of generating * 
units has grown from 60,000 kw for the Watts Bar plant built during 1940-1942 | 
to 500,000 kw for the Widows Creek unit, placed under construction in in 1958. 


“And there is prospect of larger single ‘units. 


-Site —Having established the general area of exploration, the 
‘search for suitable alternative sites is guided bya a number of essential on- on-site > 


tad : i site offering sufficient area to accomodate all plant features with — 
expansion. Coal-fired plants are most demanding of space because 
5 of the requirements for coal storage and for ash disposal. Where coal is de- 
- livered by rail, a sizable acreage is used by rail yards and unloading facilities. e 
All of the TVA-built plants are coal- fired , andthey occupy sites ranging in size 
; from about 150 acres for the Watts Bar installation of 240 ,000 kw to almost — . 
1,700 acres at the Gallatin site which could accomodate a plant installation in ; 
a 2. An adequate water supply, suitable in quantity and quality for rcondenner 
- cooling. If possible, a supply sufficient for direct cooling without recirculation, - 
_ a minimum to satisfy needs of cooling towers or ponds. i> ane 


2 

3. A site offering f favorable topography, susceptible to to 


river or lake flood stages. “Usually, the most satisfactory and 
tion is found when the critical plant features can be located on ground above: 
maximum: probable flood ‘stages. _ Protection against floods by diking all ora 

will involve added cost. The range between extreme low water and flood stage } 
is also of interest. s Where this range is excessively large, problems of idesign 
a operation of the ‘condenser system are introduced. 
- _ 4, Foundation conditions which will permit safe and economical design. ‘Hav- 7 
ing established a suitable plant level in relation to flood stage and access facili- 
ties, ideal foundation conditions would be found when the plant substructure can 
i be placed on sound rock without excessive costs for excavation and foundation 

_ treatment. With one exception (Shawnee), the major plants of the TVA system | 

are founded on rock. This plant was a layer of gravel underlain 

Access to the site from highway, navigable waterway, 

: _— available, at reasonable cost. Good highway access is, of course, essential a 

» from the ‘start of construction . Large. quantities of coal can now move over 
heavy duty highways in the large capacity trucks and « carryalls now available. 


Rail access may not be essential, but usually offers substantial advantages — t 


“| men construction even though not required for coal delivery. Most coal- fired 


J 
| 
any 
— fuel supply. Site access via a navigable waterway can be a major asset. The ae 
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movement of coal by barge is inherently an economical means of transport 
where the the length of the | haul is substantial and coal is readily accessible to the 
_ Off-Site Factors. —On-site factors, significant as they are, may be dwarfed _ 
-dollarwise in site comparison by variations inthe cost of fuel and transmission. 
_ This becomes increasingly true for the larger plants being built today. To il- 

- lustrate, a possible saving of 10 cents per ton in the delivered cost of coal for 

a 1,000,000 kw plant may be equivalent to an advantage of several million dollars 3 


for one site as compared with another. | . Differences in transmission costs and . 


‘mission costs” favor a site, avery ‘substantial for site 

With these factors in mind, the advantages of a “mine-mouth” site located - 

close to a major power market are obvious. Actually, s such an ideal combina- 
tion of fuel and load is found only rarely for present - -day stations, A large =a 

seldom can — on the potential fuel supply from one mine or a limited coal 

considerable size rather than a ‘compact load center. 

_ Another consideration in the choice of sites that becomes sacainsbie ten 

portant as plant sizes increase is the effect of stack discharges. For sites re- 
 motely located from urban development, high stacks may provide sufficient 
_ dispersion of stack emissions. _ At other potential sites it may be necessary to 
include the cost of electrostatic precipitators in comparative otimates. The 
cost of additional height of stacks | and high-efficiency precipitators | can be be of 


“major importance in the site 


_ The search for potential sites is essentially a study of terrain and geologic 
7 ‘conditions, There is no substitute for good, topographic, Map coverage of ‘the 


areas study. General knowledge of regional geology is also anessential 
tool, but fairly early in the search it is necessary to go 


generally appreciated, and, therefore, some actual experience related to their a 
use may be of more interest than general discussion. — 
A Mapping | Problem.. —Good topographic map coverage has been available for a 
‘most areas explored in our service area. Maps having ascale of 1 in, = = 2,000 f 
«it and 10-ft or 20- ~ft contour intervals show sufficient detail for identification " 
. potential sites. ‘The value of such maps becomes painfully evident whenitis 
necessary to work without them. Field explorations are multipliedin checking 
out the possible sites that may be suggested by maps having limited detail, and 
in attempting to make sure that no possibilities have been overlooked. soak 
~ one region explored a few years ago, the best available maps defined > 
topography by 50-ft contour intervals. With this handicap, there could be no 
certainty in the identification of potential sites until they had been seen on the 
ground. Faced also the realization that a good site might b be overlooked, 
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limited value because of the difficulty ¢ of judging terrain from above, evenfrom 


ee" photogrammetry 1 were brought into the problem, Finished maps of the large y | 


area under study would not be feasible because of time limitations and cost. 
> However, a high or order of accuracy was not needed at this stage. ¥ The solution 
finally evolved was to ) photograph | the area under - study at low altitude (5,900 ft 
above mean ground), review the photographs stereoscopically, select promising 
areas, and — prepare topographic site maps showing approximate contours 


bs haustutenhiie 60 sq miles of topography scattered along a an 80- -mile oi 
of the river was secured. The site maps were at a scale of 1 in. = 400 ft and 


cost about 60% of the cost of standard topography. Pictures were available for 


study in a few days, and the so-called “form- line” topography for the first se- - 
lected site was completed in about one week’s time. This type of topographic 
detail served satisfactorily for early site comparisons and checked out re- 
markably well with final topographic mapping of the selected site. The bean 
was fast, economical, andaneffective substitute for more conventional methods, 7 
A Foundation Study.—At the outset of this paper, reference was made, face- _ 
- tiously, to the tendency of initial site drilling to reveal only | the pinnacles or a 
- nly the valleys of an underlying rock formation. In the Tennessee Valley r re- 
q 


gion, most plants are founded on rock, frequently limestone, which has been . 


subjected to long periods of weathering. Site foundation conditions are — 
_ able only after thorough subsurface exploration. A few widely scattered roa i 
ings | can be entirely misleading. Whena site has been foundtobe worth drilling, 
_ work is usually started with a pattern of holes on a generous spacing designed — 
‘to reveal the general level of sound rock. As work progresses, , obviously un-— 
_ satisfactory areas are eliminated early in the program, and sees on reduced 
centers is confinedtoa promising plantarea, 
In one situation, preliminary site inspection revealed numerous outcrops of 


_flat-lying limestone in the proposed site area, suggesting that the overburden _— 


a would be thin and the rock relatively free from weathering and solution channels. _ 
_ It was decided that auger borings supplementing the conventional core drill-_ 
ing would permit the most economical preliminary check on | foundation condi- — 


2 information for preliminary site comparison estimates. Unfortunately, this ie 
did not ‘prove to be the case. The first core drill hole, drilled within 20 ft of a 
wide expanse of rock outcropping, went 80 ft before encountering bedrock. The © 
jeep-mounted, auger rig, using a 3-in. bit, soon provedto be inadequate because 
_ of the greater depth of overburden than anticipated and the rain-soaked a 
“tion of the ground. A heavier, tractor-mounted, auger rig put into service yield 


« better results, but in many instances failed to reach the top of rock where > 


depths exceeded 40 ft. drilling failed to show anything remotely resembling 
the hoped-for uniform, flat surface for the top of rock, but it did indicate the 

; more profitable areas for closer drilling to pick a building | te. Finally, core 
drill rigs were used exclusively in the proposed plant area, anda detailed pic- 
ture of ‘subsurface conditions was developed, of 


intricately dissected rock surface consisting of rock pinnacles" separated 
weathered vertical joints. Most of these joints died out above the desired 
foundation in an n adequate foundation at the desired 
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The auger drilling proved valuable in slenaien the gradies 1 for the site and in 
developing the roc« profile along the access road and the spur rail connection. 
_ This experience was one more proof that there is no short-cut substitute 


for adequate site drilling. The coverage must be complete, and drilling must 
extend to depths well into sound rock and well below foundation levels, - 


Condenser’ Water Supply Systems. —The e study o of terrain may reveal physical | 
features: ‘that lend themselves to the planning of an effective gree th aol 


having sufficient flow for ‘conventional condension systems, 
how site conditions can be utilized in planning condenser water systems to min- 
imize recirculation.(Fig.2) 
“= At the Johnsonville site on Kentucky Reservoir (Fig. 3), a strip of high ground 
lying a few hundred feet offshore was built up to form a breakwater extending 
several thousand feet parallel to the shore line. The upstream end was tied — 
back to the shore immediately upstream from the powerhouse. The intake was : 
located upstream from this structure and the condenser discharge conduits — 
terminated on the downstream side. _ A protected harbor for receiving barge- | 
delivered coal was formed, and at the same time, the condenser water intake | 
and discharge were separated by about 2.5 miles. 
‘The Widows Creek plant (Fig. 4) was built on a site part of which -adjoined 
the right abutment of an abandoned low-lift navigation lock and dam, which had — 
been flooded out by the Guntersville Reservoir. The upper part of this old dam : 
had been dismantled, but a sill of appreciable height remained in place. ‘The 
old lock walls and upper sill had not been removed. The remains of the old — 
structure created a noticeable constriction at time of ‘moderate to low stream-_ 
flow. By taking condenser water above the dam site and discharging below, the 
possibility of any significant recirculation was eliminated. 
At the Colbert site (Fig. 5), a sizable creek approaches the reservoir rough- 7 
q ly normal to the shore line. About 1,500 ft before reaching the reservoir, the 
voir. The 2 powerhouse site : selected was” located between the creek and the | 
‘reservoir shore line so that with the intake on the reservoir the ~“straight- 
through? intake and discharge tunnels would discharge into the creek. The 7 


discharge finally enters the reservoir 5, ft downstream from the 


_ The Kingston site (Fig. 6) is located in ie “neck” of a peninsula in the up- 
per reaches of an embayment of Watts Bar ‘upstream side = 


Clinch River, with the site “noted of the two streams near the point of the pen- — 
insula. Cooling water is drawn from the Emory River arm of the embayment 
_ and discharged downstream into the Clinch with a separation of about 4.5 miles. ” 
7 In this case there is also a complex relation of water temperatures in the two 
_ streams which is an interesting story in itself. The structures finally provided — 
— to take advantage of the colder water from upstream reservoir releases in the 
- Clinch River include an underwater dam on the Clinch located below the mouth 
a" 7 of the Emory and a skimmer wall at the approach to the intake located on the | 
J Emory River. The skimmer wall excludes the warm surface water from the in- 
take canal, and the underwater dam backs the cold underflow of the Clinch up the 
_ Emory to the intake. These facilities have been proven tobe worth many —_ 
the cost by virtue of of the reduced back pressure on the turbines: and the result - - 


ing fuel savings. 
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FIG, 5.—COLBERT STEAM PL ANT 
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may ‘be by the physical ‘features toa 

e number of other plant requirements. A favorable shore line and deep water 7 
may attract attention where a coal unloading dock fits into the general scheme. 
_ When coal delivery is to be largely by rail, terrain suitable for economical con- 
\. struction of rail yards is attractive. ‘Large areas of relatively flat terrain — 
; attract attention where ample space for coal storage is needed. . Adjoining, — 
_low- lying land areas of generous size offer possibilities for ash disposal at 


ale terrain outers the picture ; as each physically possible site is examined 
discarded or added to those for further consideration. 
Exploration | of physical suitability is, , of course, inseparable from economic 
However, it would be impractical to make actual cost comparisons 
of all identifiable potential plant locations. Therefore, experience and judg- 
ment, , supple mented by limited cost studies in| borderline situations must serve 
to select the few most promising sites for the more detailed economic evalua- 
tion. _ Having set out all pertinent plant requirements, and having identified all 
of the feasible alternative sites in the area under consideration, the problem of 
final choice becomes or one of comparative cost estimates. 
; ee are a number of factors that must be reasonably well contretied in 
order to arrive at reliable choice. First, the available topographic and geologic 
_ information for each site must be of comparable accuracy. _ Preliminary plant 
_ layouts used for quantity estimates can be expected to differ to some degree 
from final plans, but layouts for each site should, ideally, make equally appro- 
priate use of each site. Quantity and cost estimates should reflect with reason- 
able accuracy the conditions to be met at each h location. Perhaps the most dif- 
. ficult elements to take into account in site ‘comparison (andthe most significant = 
_ in many cases) are the relative cost of fuel and transmission to be expected 
over some future period of time. _ Where alternative | sites would obtain coal 
cost of transportation. This tends to narrow w the ‘margin- -of - error” but does. 
not eliminate the problem of arriving at values comparable with other non 
differentials. - Relative transmission costs depend not only on exisitng loads = 


that well- considered controls are needed to comparable 


= 
| 
costs, it is necessary to supplement the findings of economic compari- | 
7 sons with a substantial degree of broad judgment in making the final site selec- _ Mg | 
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CONTROL OF CRACKING IN TVA CONCRETE GRAVITY DAMS _ 


Walter F. Emmons, 1 F. ASCE Olav Lavik,2 ASCE and 


L. Hornby,? M. ASCE 


e 

SYNOPSIS 
. -Allconcrete dams of TVA are of the he straight ¢ gravity type. This paper rt 
- outlines the methods which have been used to control cracking of mas a 

concrete inf four of the largest of "Results include of 


cracks observed during and after - construction. 


been | made | in the Arson, and construction of. all Tennessee ‘Valley cae 
(TVA) concrete dams to control cracking of the concrete. 


_ Cracking in a mass structure of concrete such as a gravity dam is the re- 


sult of load and/or > excessive volume changes. _ The volume changes may be 
influenced by any one or combination of the following: 
3. Growth effects; 


4. Moisture variation. 


7 signs by conventional methods, enmanine the most important influence exerted | 


- 
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-upona a dam as fara as is concerned is the e volume change due to: tempera-— 
ture variation and the restraint offered to such volume change. This paper will 
be limited to the discussion of these two factors. In the TVA area the effects 
¢ growth and moisture are relatively small because of the favorable « climatic 


concrete. 


- 


4 ‘CONTROL OF TEMPERATURE. STRESSES 
—_ General | Considerations .— -—The control of temperature stress in the early 
"period of the life of amass concrete structure, such as a gravity-type concrete 
dam, is especially important in control of cracking. The problem is caused by 
the volume changes due to the gain and loss of heat as the hydration of the ce- - 


‘ment takes place. _ The temperature change follows a ¢ general pattern having | 


three critical points: 
7 The initial temperature (placing temperature); 
maximum temperature; and 
3. The final or stable temperature. 
There area number of factors that influence the = — 
ture changes, the of which are: 


1. Heat- -generating characteristics of the 


2. Quantity of cement used; 


4. Climatic conditions; 
‘Construction schedule; at and 
volume changes. due would not cause serious 
stresses if the structure were free to move in all directions, but this a 
is never realized. There are two major conditions in in connection with the con- 
struction of a concrete | gravity dam which resist any volume change and de- rE. : 


. velop tensile stresses in the concrete. One of these conditions is the foundation : 
: ares where the relatively unyielding rock foundation restrains the concrete 


ned 


The second inajer condition of restraint is that due to the difference | ins 
throughout the The tendency to crack under such 


3. Elastic and “creep” properties’ of the concrete. eo 
Sudden and severe drops in air temperature contribute materially to the ten-— 
dency to crack because of this restraint condition. 
_ Design Considerations.—TVA engineers have found the following formula 
in estimating the amount stress by volume cue to 
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in ‘which f is the unit stress, C denotes the coefficient of thermal expansion of 
¢ concrete, E¢ is the modulus of elasticity, R represents the restraint factor, 


t is the temperature drop or difference as the case be. 


: _ which tp is s the placing temperature, te denotes the temperature rise, and . 
the finalaverage temperature. 


ween 


‘The value of t (temperature difference) is th the difference in the concrete — 
- gi rae between n locations in the structure; f for example, internal tempera- - 


itt is obvious from Eq. (1) that to maintain n the ut unit stress below a 1 desired 
"magnitude the terms R and t are the ones subject to control. — The restraint = 


and protecting the concrete from sudden and severe pty tang in air pce 
ture. The actual value for R must be estimated. In the TVA it is assumed that 

at the contact between the rock foundation and the concrete the value of R is 
unity. The degree of foundation restraint decreases rapidly with the distance 

from the foundation level, and we estimate it to reduce 50% ata distance of 
0.15 L above the foundation level, and to 0 at a distance 0. ‘5 L, where L is the 

maximum base . dimension of the structure. spas 

_ The selection of a criterion on which to determine the degree of ‘control to 

be used is a most difficult problem in connection with design for temperature 
control. On the most recently constructed dams, the TVA has attempted to — 

. 4 control the value of effective temperature drop (R x t) to from 20° F to 30° F. 

When this control of the effective temperature drop is obtained, the tensile 

‘stress due to this drop should be approximately 200 psi to 300 psi and our ex- 

perience indicates that the concrete will take this stress without serious crack- 
9 The economics of each particular project controls the effective tempera- ; 

ture drop § selected as a criterion on which to determine the degree of control. 

a ‘However, it is also a policy of the TVA to limit lift heights to a maximum of 
5 ft and the exposure time for each lift toa minimum of 3 days. ae 
__ Control Methods. —The following are various factors the TVA has utilized 


¥ The t use of the so called low-heat cement having a low heatof hydration. | 
This type of cement is advantageous in dam construction and was used in the 
construction of the Hiwassee Dam. Because of commercial conditions in the =a 
area, it was not considered feasible to use the low-heat cement on any of the ; 
other projects. In general, the TVA has used type I cement, and on some 
the later projects a portion of type II cement has been replaced by pozzolanic . 


2. The use ofa low cement content to reduce the total quantity of heat of 
esi Be general, the cement factor of mass concrete in TVA dams has 
ranged from 0.8 to 1.0 bbl per cu yd, and the range of water-cement ratio has 
been from 0.6 to 0.8. Richer mixes have been used for face concrete with a 

tom Restriction o on the thickness of the lifts and of the minimum interval if 
time between placing of the lifts. The accumulated temperature rise is great- 

ly affected by these factors, , and TI uses to help control the 

temperature rise in dams. 


+ 


— 
ot 
j 
— 
— 
— 
4 
4 
A" 
=. 
| 
| 
| 


of the placing temperature and the temperature rise 
ficial cooling of the ingredients of the e concrete be before placing. _ This method 
was 3 used in Hiwassee Dam by | passing the mixing g water through a vrefrigerat- 
ing machine and lowering its temperature to about40 F. die. 
_ . After placing, reducing the temperature rise by circulating cold water 
‘eoeh. pipes” in the concrete to remove the heat of hydration as it is np 
produced. TVA has utilized this method on of dams 
extensively 
< 6. . Protection of exposed surfaces of newly placed concrete from i 
A drop in the air temperature. mn When n necessary, the TVA covers the surfaces 
and in extreme: cases | has used artificial heat under the covers. In hot eee, 
_whenever necessary, exposed surfaces of fresh concrete are shaded from di- 
_ rect rays of the sun and immediately protected against premature setting a 


= by being cured under a continuous fine spray of water. To prevent ex- - 
cessive loss of moisture, under all conditions the concrete is — for al 


= the last dam constructed by the TVA (Fort Patrick oy ate: i 
structions as shown in Table 1 were set up giving the lift heights and time of | 
exposure for the different placing temperatures. The ‘lift t heights and time of 
specified for the various placing temperatures were designed to 


_ The project isa multiple. -purpose project. The reservoir provides 2 567, 000 | 
acre-ftof storage for floodcontrol. The power installation. consists of two ed 
i: The dam consists of a straight gravity concrete structure, 1,570 ft long and 
a rolled earth embankment about 290 ft long. The maximum base thickness all 
the gravity dam is 208 ft, and the greatest vertical height is 265 ft. The power- 
- tense is located on the east side of the river immediately downstream of the 
_— of the dam and adjacent to the spillway. The general layout of the struc- 
Construction was: started on November 6, 1933. Reservoir filling began on 
March 4, 1936, and power generation began July 28, 1936. . Pee. oie 
_ The Norris Dam was the first dam of TVA. It was designed by the Bureau — 
‘of ‘Reclamation and was constructed by TVA forces. 
Temperature - Control Methods .- Knowled ge about tempera ature. 
control methods to prevent RN was ina formative stage ¥ when the Morris 
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Cement content; 


§. Time interval between ‘lifts; and 
6c _ Control of placing and curing of the concrete. | 
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a The experience gained at Norris has influenced later design and construction | 
ofa number of large gravity dams constructed by TVA. = 7 
. _ Cone rete Mixes.—Concrete was made with manufactured dolomite aggregate _ 

. maximum size for both face and mass concrete. Table 2 shows the 

t content, water- -cement ratio, and the average crushing strength of test 
cylinders for the mixes. _ The face concrete varied from 6 ft to 12 ft in thick- — 

he A modified portland cement (similar to present day type II) was a 
for use in mass concrete. The final decision to use the modified portland ce- 
ment instead lof the -heat ‘heat portland was primarily basedon the following con- 


a ‘It was known that the modified cement could be manufactured by cement 
- mills in the vicinity with little difficulty, but there was some doubt that the | 
low-heat cement could actually be produced with the raw materials available. — 


. _ 2. Concrete using low-heat cement might cause trouble in cold weather, 
a particularly in thin concrete sections, because of its slower rate of hardening; — 
and the use of two types, one for use in warm weather, the other for use in 
cold weather, might be found necessary as a result 
3. Concrete containing low-heat cement would require a longer | curing peri- 
od than that using the modified cement. = 
oe t There would be a decided advantage in having one cement specification 


for all TVA projects, some of which could not economically use low-heat ce- 


me During the first month or two of construction, mass concrete placed in the | 


dam actually contained 1.10 bbl per cu yd. 3 The reason for this was that the 
22 7 leaner concrete mixes were very sensitive to slight variation in gradation of 
_— es and, at the same time, the crushing plant did not allow sufficient 
: control to prevent considerable variation in the manufacture of sand. Eventu- 5 
ally, adjustments to the crusher and screens overcame this difficulty. _ The = 
gradation was improved, and the cement content lowered to 0.9 bbl a cu yd 
in Placing. — Concrete was ueeeren directly from buckets into the forms. In 
general, concrete in the dam was placed in 5-ft lifts in construction i 
generally 56 ft in width and up to 200 ft in length, depending on the elevation of 
_ the lift. The top surface of each ‘lift was sloped | 5% downward toward the up- 
A 3-day interval between consecutive lifts was provided to taaagus Gissi- 
pation of part | of the heat liberated | by the | cement during hydration. 
_strictions were | placed on differences in elevation between adjacent ‘a, 
_ although three lifts, a 15-ft difference in elevation, were maintained for con- 
~ venience when conditions permitted. A concrete lift once started was carried 
except in very rare cases of mechanical or electrical failure 
- pe re or impossible working conditions. Exceptions to the time limit <a 


slope requirements were made ina few locations; for instance, in closure _ 
x blocks 40 and 43 several 5-ft level lifts were placed at approximately 48-hr P 
_ intervals and in some sidehill locations a minimum placing interval of 7 days 
Concrete was deposited only on thoroughly cleaned surfaces of foundation 
rockor previously placed concrete. Surfaces were sprinkled and excess water | 
a blown off with compressed air, and then mortar was placed on existing - = 
_ lifts or rock. _ The mortar was thoroughly brushed into the old. concrete sur- 
faces with wire brooms and followed. 
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faces were covered with damp fine sand since this decreased the amount ae 
‘Sprinkling required and assured a damp surface. The curing period was 28 
‘days. Cold weather added complications to curing of the conc rete. Concrete — : “3 
the dam was protected from freezing by tarpaulins placed over the complet- 
ed lifts, aided by salamanders. However, the use of salamanders was very un- J 
‘satisfactory. In spite of all precautions , concrete directly t under salamand- 
ers would occasionally dry out with ‘resulting damage. 
Results.—Cracking of mass concrete in the Norris Dam, not. 
excess of that of some other comparable structures, has been more prevalent 
than in the dams constructed subsequently by TVA. ‘Fig. 2 shows — 
the temperature history of block No. 40 (spillway block). 
At least half of all construction blocks cracked vertically at the faces half- 
way between contraction joints and horizontally at day’s work joints. Exposed 
- contraction joint — faces cracked vertically at some of the re-entrant angles in 
keyways, cracks usually appearing at about every other keyway or 20 ft apart. 
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PLACING 


Depths of the « cracks varied ‘greatly. :\* Little i is ‘known about the pony of ver 


lake to the galleries. indicates that they are than 20 ft. in depth. 
_ Vertical cracks parallel to the axis of the dam extend completely across con- 


‘struction blocks at some locations. Horizontal cracks at day’s work joints ex- 


cracks 


a 


oo lau Low portions of construction blocks 46, 47, and part of. 48 at the steeply 
Me successive 5-ft concrete lifts to minimize diagonal mieaiiaiees cracking which 
_ was expected because of large differences in elevations between sides of these 
; blocks. | _ This placing schedule reduced temperature rise in the concrete from 
approximately 35° F to 24° F. The expected cracking was delayed until the con- * 
e.. crete had cooled to within 10° F of its final temperature about 18 months il a 
_ placing. Higher up in the same blocks where the normal 3-day placing interval 7 


resumed, the usual temperature cracking again appeared. 
_ Block 38, at the elevation of the discharge conduits, was constructed with | 


POL 
the concrete consisted Ol manual sprinkling with a 
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lifts in order to keep ahead of the two closure voce, 40 and 43. I Block 38 also 
had a high cement content (1.7 bbl per cu yd) around the discharge conduits to 
wet concrete which would resist erosion. The high cement content and the 
_ short exposure inte interval for cooling produced an estimated temperature rise of | ~ 
— 60° F. Ata time of high block temperature, lake water was diverted through — 
> _ the discharge conduits and concrete surface temperatures dropped rapidly. 
_ The resulting unfavorable condition caused unusually severe cracking through- 
out the length of the conduits. Vertical, 
- peared on the conduit surfaces. _ The extent of some of the e cracks Vv was shown — 
_ by the fact that they carry moisture from the contraction joints to the conduits © 
and from one conduit to the other. During the construction of the dam some of — 
¢ the curing v water found its way down to the contraction joints and came out of 
_ horizontal cracks at the face of the dam. Leakage from the reservoir to the 
downstream face also appeared later but grouting of the contraction joints in 


has effectively sealed off most of this leakage. 


From the cracking that occurred at Norris Dam, it was apparent that com- 
plete control of temperature cracking seemed to be in the distant future; i 
. ever, experience gained from many large mass concrete structures and con- _ 


- firmed, in general, by observation at Norris Dam indicated that there were — 


several design and construction procedures by which cracking may be materi- 
corey 


-HIWASSEE DAM 


Hiwassee River : at river r mile 5. 8. 
Gad _ The project is a multiple- purpose ) project. The reservoir provides 438, 000 
acre-ft of storage for flood control. The power installation consists of two 


units. Unit 1 is a conventional generator of 57,600- kw capacity. Unit 2 isa 


reversible pump turbine with a generating capacity of 59,500 kw. — = project — 


was designed and constructed by TVA forces. 


_Hiwassee D Dam is a Straight gravity- ‘type structure» founded on solid rock. 

The presence of substantial rock abutments at both ends permitted the con- 
struction of an all-concrete dam with no earth wings. Maximum en agi from | 

_ the point of the deepest excavation to the roadway at the crest is 307 ft. -The- 
length at the top is 1,287 ft. The powerhouse is located on the left or ‘south | = 
7 bank of the river at the toe of the dam, with the switchyard adjacent to the 
_ powerhouse. A high overflow spillway with seven radial crest gates is situat- _ - 

e 4 ed on the natural river channel. Nonoverflow gravity sections { flank the spill- 
way on either side. , The general layout of the structure is shown in Fig. 3. be 

Construction was started July 15, 1936. Reservoir filling started February 8, 

; 1940, and power generation began May 21,1940. 
Temperature- Control Methods.—Since Hiwassee and Norris were ‘similar 
= many respects, the experience gained in building Norris aided materially in 


preparing plans and constructing Hiwassee Dam. A complete and independent — 
design was used, however, because of essential differences in natural conditions _ _ 
_ The crack-prevention program at Norris had not attained the desired results, 
but much had been learned. — _ Hiwassee was the first TVA- designed structure 


which was given a complete study from the standpoint of temperature- -stress. , 
control to minimize cracks. In an attempt to obtain better control of cracking 


— 
— 
— 
— 
— 
q 4 
— 
— 
| 
— 


AXIS OF Dam 


Traveing 


Gantry Crane 


Roadway, 


* 


— 


b. 


February, 1960 POL 


Hiwassec, were and asked to submit a ‘report 
recommending a procedure to follow. A pengrem of control and testing was 


submitted by R. E. Davis and Carlson. following specifi specific recom- 


Use a concrete of low cement the and a con- 
of normal cement content for the exposed faces; 


Use controlled placing schedule, employing thin lifts immediately 
petit foundations and surfaces of concrete which has been placed for a con- 
siderable period oftime; and 

“The suggested program was followed, and as a result the Hiwassee Dam as 
7 2 Concrete Mixes. —The recommendation to use low-heat cement was adopt - 7 
ed for the construction of the e Hiwassee Dam. This: use of low-heat . 
_ throughout the structure was expected to reduce the temperature rise and re- — 
sult in a corresponding decrease in cracking from temperature changes. ae 
° considering low-heat cement, it was known that a premium of from 5 cents to 
10 cents per bbl would have to be paid if it were to be obtained. _ There we were 
_ other disadvantages such as unusually low early strengths, the longer curing ~ 
: : periods required, and the necessity for more caution in the protection against 
= ont ‘damage; but the advantages of possibly « esata the continuity of the 
structure were thought to outweigh the disadvantages. 


’ Table 3 shows the cement content, water-cement ratio, , and the average 


crushing strength of the test cylinders for the mixes, 

Mass concrete with 6-in. n. maximum size a aggregate comprised the majority | 
E _ of the concrete in the interior portions of the dam. Mass concrete with a 3-in. 
¥ maximum size aggregate was used around galleries and other openings © where 

steel prevented the use of concrete with 6-in. aggregate. oe 4 
per Placing temperature of the concrete averaged about 45° F to 50° r ’ during 

_ the winter months and about 73° F during the summer months. | _— This was 

achieved by heating the mixing water during the winter and cooling of of ag- 

gregate and mixing water during the summer. 
Placing.—Mass concrete was in 5-ft lifts except c on rock and on con- 
older than 15 days, where a number of 2-1/2-ft lifts were 
‘placed. In placing concrete on rock, 2- 1/2- ft lifts were placed | until at least 
60% of the rock area was covered. a Because of the irregularity ‘of excavation a 
ti and steep slopes of some of the foundation areas, the first lift on rock could 
- be 10 ft thick at the point of maximum depth if the volume of the concrete was 
: _ sufficiently small. In resuming pouring on concrete that had been exposed or 
_ more than 30 days, four 2-1/2-ft lifts were placed before continuing the 5- ft 
4 ‘lifts, and on concrete exposed for more than 15 days and less than 30 days, two 7 
: 1/2- ft lifts were placed before resuming the placing of 5-ft lifts. No maxi- 

7 mum difference in elevation between adjacent blocks was specified, and due to 
construction conditions in the early stages of concreting, high differentials were = . 
common, especially in blocks 7 to 15 and 16 and 19. — After closure was te 

differences in elevation 


— | 
F 
a 
ae 
— 
a. _ to be covered. This rule was amended sothat a minimum average exposure of ao oe 


February 


rr day per ft whe two successive lifts was ai eae provided the minimum ex- 
2 = fora 57ft lift was not less than 4 days, in which case the next 5-ft lift 


ft list was not less than 2 days, in n which « case e the next 2- 1/2. ft lift had 
: « be- exposed for 3 days. In general, placing started at the upstream face and — 
™ § proegrgSsed downstream. After a lift was started, it was completed unless 
; 7 f emergency arose. _ Tops of lifts were sloped 5% downward toward the 
 “upétream face of the dam. m. Placing of concrete on rock and on surfaces of 
.” Previous lifts was preceded by an application of cement mortar about 3/4-in. ' 


* thick. Old concrete surfaces were dampened be before placing the mortar except 
P 4 in extremely cold weather. — ‘ Face mix concrete at both upstream and down- 
_ stream faces ranges from 3 ft to 10 ft thick and averages 7 ftto8ft. = , 
Artificial cooling by circulating river water through 1-in. pipes embedded — 
in the concrete was used in 1 block 19, in the cofferdam bulkheads across blocks 
17 and 18, in the concrete placed in the assembly recesses around the ring- | 
sealed gates, in the first two lifts of closure blocks 10, 12, and 14, in block 3, 
q and in the lifts on the foundation of block 11 . After use the cooling pipes were 
: = _ Cooling was started in Qlock 19 after it was more than 50 ft high on the ex-— 
posed face and the next 16 lifts were cooled. River water entered the system 
at temperatures ranging ! from 60° F to 80° F and averaging about 73° F. An at- 
_ tempt was made to regulate the flow through each loop at about 15 galper min. 
When Sea at 15 gal per min per loop the outflow water had a temperature | 
about 4° F higher than the inflow water. _ This resulted ina reduction in the 
average temperature rise in the concrete of from 8° F to 10° F. . Cooling aa 
each level was continued for about 15 days. 
_ The cofferdam bulkheads across blocks 17 _ 18 were concreted in 7- ~ft. 
lifts with short exposures because it was imperative that they be placed rapid- 

; ly to avoid flood danger. Concrete immediately downstream from and adjacent © 
to the bulkheads was also cooled artificially. _ Cooling was continued for about — 
10 days in these sections. The concrete placed in the ring-sealed gate as- 
sembly recesses was also artificially cooled for about 10 days to prevent any 

high temperature differentials which could cause distortion of the gate castings. _ 
_ The closure blocks were started with 5-ft artificially cooled lifts instead of 
using four 2- 1/2- ftuncooled lifts. The first two 5- ft 1 lifts were cooled it in n blocks 
10, 
and in block 12, which was only 32 ft wide, two loops and a single pipe were 
used on top of each lift. Cooling was maintained for about 15 days. 
* was necessary to delay the placingof concrete in block 3 as long as pos- _ 
sible so that the concrete buckets could be landed at the transfer trestle without 
7 | unnecessary travel of the cableway. When concreting was begun in block 3, it 2 
was conducted ona fast schedule. ‘The concrete was artificially cooled to 
_ compensate for the loss of normal exposure time. . This cooling was continued | 


: for about 10 days with an estimated average temperature reduction of oe 


8° F. The foundation of block 11 was very irregular and the first placements © 7 
were  wedge- -shaped. Placing 2-1/2-ft lifts to cover at least 60% of the rock 

area before starting the ‘5-ft lifts would have reduced p: progress to a very slow 

7 and expensive rate. In lieu of 2-1/2-ft lifts, artificial cooling was used ifor 
| uk the first five 5-ft lifts, and then a 2-1/ 2-ft lift without cooling followed. ae 
Specifications required that all concrete surfaces except the contraction 
- 2 joint faces of blocks in the dam be moist- cured for 21 days. Curing was ac- 
largely by a fixed of perforated pipe 
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placed on topof the concrete. Moist curing was discontinued when air enmee~ - 
atures were below 45° F. Finished concrete —, were wer: covered aa 


; burlap and kept wet or covered with damp sand. — 


7 


which were very favorable to crack resistance. From extensive laboratory 


; _ crete of thedam for the purpose of either following the history of cracks which 


; paulins, under which heat was supplied either from steam coils or sdaneniinn. ip 
Neither type of heating was entirely satisfactory because in spite of all oa 
“cautions concrete the heat ome ce would wall 


ing the construction period. Also, | crack detectors v were re embedded in the co 
had been observed or of detecting the occurrence of internal cr; 7 

Vertical cracks were observed ot on several contraction. joint faces, but 

in blocks 4, 6, 7, 15, 19, and 20 were they of any significance. In these blocks = 
the cracks extended through several lifts, and in one location a a 1/8-in. crack 
was found. Minor vertical cracks approximately parallel to the axis and across 

_ the top of blocks were observed in five blocks. In the two cases where verti- 

cal cracks extended to the tops of an exposed lift and then across the blocks, _ 

=" “heavy mats of reinforcing steel were placed in the lift above over the ‘cracks — 
to keep them from extending upward as concreting progressed. In addition to 
this treatment, the practice of covering cracks larger than 0.03 in. with tar-_ 

: impregnated canvas to prevent the entrance of mortar and other foreign matter 
was also adopted. Horizontal holes were drilled to intersect the larger cracks 
about 1 ft from the surface, and grouting pipes were connected to the holes. In | 
block 15 five such pipes were installed and four of them were grouted. _ 

_ The training walls on the sloping part of the spillway were monolithic with 
e dam, and the restraint due to the mass below caused two cracks in one ewall 
and one in the other in a direction normal to the slope. 

Practically speaking, no cracks were found in the galleries. A few 


Had it not been for a diligent search at all times, most cracks recorded at 
Hiwassee would not have been discovered. = 
Fig. 4 shows graphically the temperature history of block No. 14. 
_ As aresult of the various temperature control methods used in construction — 
4 the Hiwassee Dam, the actual average temperature rise was 24° F. If modi- _ 


fied cement had been used, the average temperature rise would have probebty 


2: about 26° F. Although only 2° F higher temperatures on the average would 


have occurred, it should be pointed out that the low-heat-type cement at Hi- a 
‘wassee is known also to have imparted physical properties to the concrete 


tests it is known that the elastic and creep properties of the Hiwassee a 
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Holston River about 1.4 miles below the confluence with the Watauga River. _ 


CRACKING IN DAMS 


The — is a multipurpose project for flood control power. 


reservoir provides 93,000 acre- ~ft of storage for flood control. The power in- 


-stallation consists of three units of 25,000 kw each. The project was designed 
by TVA forces, 
_ The principal project structures starting on the left bank and 1 moving across ; 
the river to o the right are (1) a small concrete nonoverflow ‘section, (2) five 
spillway bays, (3) intake and powerhouse, (4) a concrete gravity nonoverflow 
_ dam, (5) on the extreme right an earth-fill dam, and (6) downstream of the 
- earth- fill dam on the right bank the control building and 1 switchyard. For the 
general layout of the structures, see Figs. 5 and 6. fs “cue _ 
Construction was started August 29, 1950. Reservoir filling began December 
1952, and power generation began ‘March 
Temperature Control Methods.—The Boone Dam is a ‘relatively s smal 
. ture (maximum height 160 ft) ‘compared with Norris and Hiwassee; howev 
i iw were made in the design and construction of the dam to control crack- 
ing by attempting t to limit the effective temperature drop to 020 
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FIG. 4, DAM. IN 
Concrete Mixes. ~A blend of 70% type II portland a with 30% natural 
7 ‘cement was used for all concrete except for concrete placed during the winter | 7 
- months (January 1 1 to March 31) when a blend of 70% type | I portland cement 
- with 30% natural cement was used. . The reason for using the type I cement 
during the winter months was to allow form removal on schedule . Tests indi- 


cated that air-entrained concrete using the above - mentioned blend of natural | 


_ ther laboratory study indicated that the heat characteristics and strength of 
fea made with typeI portland cement blended \ with 30% natural were S. simi- 
lar to concrete ‘made with 100% type II cement and also had the advantage o of 
other characteristics of natural cement. _ The portland cement was obtained 
from nearby mills and the natural cement from Louisville, Ky. a ery 
a Mixes were designed fo for four general classes of concrete, each designed by 
reference to the maximum : size of aggregate used in that particular mix. Con- 
crete mixes were designed to meet a 28-day compressive strength of 2,000 psi 
for mass ses and 3 3,000 psi for face concrete. The he average cement factor 
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28 February, 196 1960 
“for the entire | project w: was 1.05 bbl per cu yd. Table 4 4 shows the cement con- a 
tent and the average crushing strength of the test cylinders for tl the mixes. ae. 
‘The water- -cement r ratio varied from 0.52 for the 3-in. face concrete to 0. 75 
_ for the 6-in. mass. _ An air-entraining agent (Vinsol Resin in a 12% solution) — 
™ used to obtain increased workability and durability. = 
_ Manufactured aggregates produced from a local dolomite quarry were used. 
Mixing water was heated in cold weather, but no artificial cooling of the e water 


wasemployedatanytime. 


Pe: Very f few alterations to the mixes were required, mainly because oft the rigid _ 
control exercised over the production c of the fine. and coarse aggregates. ‘This 
material was well graded and, in general, was free from excessive fines since 7 
it gnp over a rinsing screen on its way to the stock = At times, how- 7 


Placing.—Concrete was dumped directly from buckets into the forms. In 
general, all concrete was placed in 5- -ft lifts except when covering the rock 
foundation or concrete that had in place over 14 days, where a minimum 
of two 2-1/2-ft lifts were placed (discussed in more detail later). Theface 
concrete was placed to approximately 6 ft ‘in thickness. concrete was 
placed in layers of 18 in. to 20 in. 
am electric vibrators. The rate of placing was approximately 4ft perhr. All 


construction joints were thoroughly cleaned with air and water jet just prior 7 


4 to placing fresh concrete. Cleaned joint surfaces were treated al brooming © 
mortar into surfaces before placing concrete. ep a 
To control the effective temperature drop tothe desired maximum of 20° Fy 
‘the lift heights and the time interval between placing of | the lifts were the princi- 
No artificial cooling of the ingredients ¢ of the mix was 

used. _ The lift heights and the time interval between lifts as specified were 


by the season the year in which the concrete was placed | 


~~ § -, then 5-ft lifts exposed 3 days; however, due to peculiarities of block | 
‘details, , etc., there was some variation of this schedule. In no case were the — 

‘lifts thicker than 5 ft ‘nor time interval of ees than 3 days. ‘Since the 


— the first two lifts were 2- 1/2- ftthick, exposed 5 days each; next, 2 : 

— 1/2-ft thick lifts, each exposed 3 days, were poured until the rock was covered» 
(this being necessary ‘because of the sloping foundation rock); then, two 5- ft 
“lifts exposed 5 days, and finally, 5-ft lifts exposed 3 days were poured. aan sal 
Because of the steep yey rock abutment against which the concrete of 74 


tick lifts of these blocks were artificially | cooled by pumping river water 
s through pipes embedded in the concrete. If the artificial cooling had not been 
used in these blocks, construction would have been delayed extensively by the the 
placing of 2-1/2-ft lifts with longer time intervals of exposure 
Fora period of at least 14 days, all concrete - was adequately protected to 
b - prevent excessive loss of moisture by spraying | exposed surfaces with a seal- . 
ing coat or by spraying or ponding with water. _ During c cold weather the con- 
crete surfaces were protected by means “of tarpaulins ‘and heat from sala- 
manders or light bulbs to prevent the concrete surfaces from falling below 
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CRACKING INDAMS) 29 


Results. .—The construction forces of TVA carried out very conscientiously 
- the temperature- -control methods, as specified by design and outlined previous- 
oy. As a result, to the present time Boone Dam is practically crack free. 
In blocks where temperatures! have been measured, the measurements sindi- : 
cate that the maximum temperature rise of the concrete ' was s successfully con- 
trolled and, based on our assumed final concrete temperature and degree of 
restraint, it is 3 expected that the effective temperature drop will not exceed 


20° F. Also, apparently the protective measures taken to control the tempera- 
ture differences and gradients between face and interior concrete were suc- 
7 cessful as only six fine surface cracks have been detected tothe present time. 
4 Although Boone Dam is only approximately 7 yr old, based: on the results = . 
observed thus far we believe that the control methods used in its design and 
construction have proved very successful in eliminating any significant crack- 


General.. —The project is located in North Carolina on the 
_ Little Tennessee River, 61 miles upstream from the mouth. In the surround— 
4 ing area mountain peaks rise to over 6,500 ft in the Smoky Mountain ational 
Park. The site is the only feasible e location for a dam over r 400 ft : in in height a 
the Tennessee Valle 
_ to the World War Il effort. The project was built primarily for flood aecar| : 
power generation. The reservoir provides 1 ,300 acre- -ft of storage for 
The power installation consists of three units with a capacity of 67,500 kw 
- each. The main dam - a straight gravity concrete structure of the nonover-_ 
_ flow type 1,775 ft long, and the total over-all length of the dam structures in - 
- cluding the main spillway and left abutment sections is 2,365 ft. ‘The 480- ft- 
> 4 “high structure, with a maximum base thickness of 377 ft, rests on a solid . 
foundation of quartzite physically strong and chemically stable and havingan 
average test strength of 13,100 psi to 28,700 psi. The powerhouse is located 
% at the foot of the dam in the riverbed with the switchyard directly downstream 
- from the plant and on the right bank. The main spillway consists of two 34- ft- 
_ diameter discharge tunne tunnels on the left bank. An emergency spillway and a low-_ 
; level outlet are also provided, and for layout of these arrangements reference _ 
at Construction was started January 1, 1942. _ Reservoir filling started 
November 1944, and power generation began January 20, 1945. 
~ Temperature- -Control Methods.—The size of structure and the fast con- — 
{ _ struction achetute required by the need for additional power generation to aid 


‘The problem could have been treated i in 1 two —" ways, as follows: 
_ Lowering the placing temperature by cooling the mix, | and reducing the 


2 “Reducing the volume of concrete where high restraint occurs combined 
a with careful arrangement of the placing schedule and forced cael 
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circulating cooling water through the concrete immediately after aliftisplaced; 
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seid Both procedures were carefully studied for adaptation to the Fontana Dam. 
The first procedure required that concrete in zones of appreciable. restraint, P 
_ which represented approximately 50% of all concrete, be so processed that the 
effective temperature drop be limited to about sal F. With the final —— 
7 ture as low as 45° F in some p 
. _ ing both the mix and the placed concrete during the warm season. This required — 
. 4 large refrigeration capacity. The procedure, however, is otherwise economi- _ 
ae simple t because it avoids longitudinal contraction joints with their extra 
forms, keys, and subsequent grouting. Struc turally, it is the most ameter 
because it leaves the cantilever structure intact. However, it proved 
eal for Fontana because dependable machinery for cooling concrete mixes had _ 
Beas: been fully developed. _ The short time available and the wartime — z 
- made it inadvisable to experiment with the development of this equipment. | _ 
_ The second procedure, which was adopted, provides three longitudinal con- § 
traction joints 80 ‘ft to 100 ft apart. By these the zone of 


to about 15%. For this relatively small amount of veatoeted concrete it was 
4 then possible ‘to apply the necessary e efforts to keep the effective a 
a = Because the dam could not function structurally with the longitudinal sia 
ary and because these joints could only be closed effectively after the dam 
had reached the final stable temperature, (which would have required from 40 — 
yr to 50 yr under natural heat dissipation), the whole mass of the dam had to 
_ be cooled down to its stable temperature by means of forced cooling with river — 
4 water, supplemented with refrigerated water. This required placing of cooling — 
pipes in each lift of the dam from the foundations up to El. 1635, , that is, 25 ft 


above the top of the u upstream longitudinal joint. To prevent heat from ‘above — ; 


reaching this upper zone, a 50-ft-high area above El. 1635 was also partly 


ee Concrete Mixes. .—Type II cement was used in manufacturing of concrete, at 
and a cement factor of 0.80 bbl per cu yd for the mass formed the basis for 7 
all calculations on the temperature effect of cooling. An average compressive 
strength of 4,000 psi was desired at 1 yr. Suitable natural sand and gravel 
could not be obtained and aggregates of crushed quartzite and manufactured 
‘sand were used. Table 5 shows the cement content, water-cement ratio, and © 
the average crushing strength from 6-in. by 12-in. test cylinders. 
Placing. ith winter placing, control of effective e temperature drop to about 
F could easily be achieved. Unfortunately, some e concrete in zones of high 
_ restraint had to be poured during the warm season of the year. Fig. 9 shows > 
,; the time and placing temperature for block 19, and this block is typical for 
blocks 14 through 25. Fig. 8 shows the different zones into which the dam was 
subdivided according to the degree of restraint. Appendix I shows the in- 
en for placing and cooling of the concrete for the various combinations — : 
of placing temperature and zones. Even with shallow lifts, 2.5 ft, and forced 
— cooling through coils spaced 2.5 ft apart, it is very difficult to to keep the tem- 
_ perature: rise to much less than 20° F. Therefore maximum m temperature. rise 
of concrete placed during the hot season was higher than desirable. hl 
aa 8 shows the typical arrangement of cooling pipe near the foundation in 
of the higher’ blocks. average c coil length of 800 ft was desired, ‘with | 


—_— at the downstream face except the coils in column A below El. 1365, 


which were terminated at at the face. coil 


— 
= 
a 
— 
— 
— — 
— a 
— 
| 
‘ 
| ~ 
| 
— 
: 


3 


* 


| 


40 d0L 9NOTY NV 7d TYNOILIIS 


SYIO/Y SYIO/F . S¥IO/Q | SYIO/Q 


| 


— 


necessary a at penstocks, galleries, construction trestle | piers, and all sloping 
_ rock foundations. The rate of flow of water circulating through the coils was _ 
4 intended to be foam 4 to 4- 1/2 gal per min. _ Most of the cooling was done by — 
ai river water; however, in order to be able to grout the dam ahead of closure 7 
scheduled to take place late in the fall, a great amount of cooling had tobe done — 
during the summer season immediately preceding closure. With no river water 
at temperatures below mean yearly temperature available during summer, a 


refrigeration plant had to be provided. 
_ For temperature determination eatin ow , one or more of t 


Embedded electrical thermometers and embedded in- 


- Portable electrical resistance thermometers inserted in1l-in. ‘pipes ex- 
h- — into the concrete from the downstream face and galleries; and i" 
. Stopping circulation of cooling water in a coil for at least 48 hr, then 


water temperature at the two ends of the coil. 


The design of temperature control was based on certain simplified assump- 
tions like a constant cement factor, uninterrupted cooling operation, and a con- 
_ stant heat of hydration curve. ~ ‘Under actual field operation some variation in 
the e cement f factor must be expected and interruption of the cooling operation — 
cannot be avoided. ¥ ‘The rate of heat generation will vary with the placing = 
é curing temperature, and the heat of hydration will vary some depending on the 
source from which the cement is obtained. Continuous temperature obser-_ 
_ vations of the concrete were therefore made as a checkon the effectiveness of 
the cooling program and toenable the field force to corrective mea- 
_ Results.—Fig. 9 shows the estimated stable nsiieatineiie and the maximum 
temperatures developed in block 19. Fig. 10 shows the ‘measured 
_ in this block at the end of cooling operations and again 3 yr later, 
= _ The diagram of maximum temperature reflects the division of the dam into © 
Separate columnar blocks, and also the effect of the division vertically into 
zones of cooling, with different cooling effort in different areas. hoes, wees, 
- The design resulted in a permissible effective temperature drop of 20° F to 
25° F with a maximum drop of 50° F in zones not affected by foundation re- 


ma general, the observed temperature drops are higher than those 
- ealculated. Comparing the data on Figs. 9 and 10, we find temperature drops” 


- of as much as 45° F in appreciable areas of Zone 1. However, the maximum — 
7 _ temperatures: occurred the first or second day and by the time the concrete _ 
was 5 days old the temperature had dropped several degrees. _ Furthermore, 
the highest temperatures are found some distance above the rock where the 


amount of restraint is less than unity. Cooling coils were e placed on top of the 


quently cools with the concrete, there is some reduction of the net restraint a 
_ Similarly, the rock under the heel of the dam is cooled by the reservoir water, 
reducing the temperature ‘differential and the restraint. ‘ All this was recog- 
in the design and the cooling instructions shown in Appendix I could actu- 


-— allow a maximum temperature of 89° F some > distance above rock. = ney 


Since the rock is heated by the freshly placed concrete and 


maximum ‘temperature of 100° For more . depending on the placing on 
ture. The difference of 7° F to 10° F between the calculated and the summed 
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CRACKING IN DAMS 
is not ‘unreasonable "considering the construction of 


ams Dam was a forced construction PRG on under war con- . 


os _ Surveys to detect formation of cracks were carried on as the work pro- 
—, _ Very few cracks were found and those detected were of little or no 
Saree Cracks could have formed in areas already covered by fresh con- 
: crete or after the dam was completed. Such cracking could not be detected ex- 
om in the inspection galleries and at the free surface of the dam. No cracking 
any significance has been observed at these places. The inspection galleries 
are located in areas where the more severe temperature drop occurred, and 
_< minor cracking observed should be a good indication that the cracking, if — 
7 any, . is of minor importance. Furthermore, numerous strainmeters were in- 
stalled in the dam. ‘The r readings of these meters show no discontinuity, indi- 


cating that there ere are | no cracks at these points. a, 


EL ‘S732 
DEC 16 (947 


MIN HW EL 


_ END OF COOLING OPERA riONS AFTER 3 YEARS OF SERVICE 
DECEMBER 19, 19440 DECEMBER /6,/947 


10. —FONTANA DAM. IN BLOCK 


From experience TVA has had in the design and construction of oie . 


“type concrete dams, it appears fair to conclude in concretedams 
be controlled to a reasonable degree. 
mit To control cracking in mass concrete structures, the effective temperature 

a drop in the concrete must be maintained below a specific maximum. — In dams 

where the TVA has controlled the effective temperature drop to 20° F to 30 F - 
and the lift heights have been limited to a maximum of 5 ft with a minimum of . 
3 days’ exposure, cracking has been controlled effectively. On the other hand, 
where these controls have not been maintained, cracking has. been more seri- 

_ ous (Norris). % The effective temperature drop | can be controlled by a combi-_ 

- nation of control methods which are dictated by the time available and the eco- 7 
nomics of a particular situation. The are the factors that 
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of cement used; 


3. Thermal characteristics of the 


.~ 8. Degree of restraint from foundation or previously placed concrete; and © 
9. Curing and protection of the concrete surfaces to eliminate steep ‘tem- 


perature gradients in the concrete. bis 


4 The writers rs wish to express appreciation to Floyd Pp. Lacy, Civil Engineer, — 
for his help ir in n the preparation | of this paper. “ ‘He i is in charge of inspection c of : 


from his personal observations. 

APPENDIX I INSTRUCTIONS FOR PLACING CONCRETE AND 


¢. Minimum time interval between 2-1/2-ft ‘lifts shall normally. be 48 
_ This may occasionally be reduced to 42 hr when by ome A so an igeeeional 
t can be placed in a specific block within a 1-week period. 

Minimum time interval between 5-ft lifts shall be 72 hr until an = 
vation of 50 ft above average rock foundation has been reached. Above this 
point the time interval may be reduced to 48 hr. An exception shall be made 
if placing has been discontinued for a period of 10 days to 15 days. . In such 
cases, the time interval between the subsequent first two lifts shall be 72 hr. 


After a delay of more tha than 15 aS days, ‘semen wad zone 3 shall be applied. 


55° F or below: Use 5- ft lifts. Place pipes 
“spaced 5 5 ft on center of top of rock andontopofeachlift, j= | 
be For placing temperature 55° F to 65° F : Use 5-ft lifts. pipes 
spaced 2-1/2 fton center on top of rock. Where foundation is level, place —_ 
spaced 2-1/2-ft on center on top of each lift placed, until a minimum of 10 ft % 
above foundation has been reached. | Where foundation is sloping, place pipes 
_ spaced 2-1/2 ft on center on top of each lift placed, until high point of rockis _ 
covered with 5 ftof concrete. Rock may be considered covered when n only local 
areas less than 20 ft in any direction remain exposed. 


5 
Then ai Two full 5-ft lift lifts with 2- -1/2- ft pipe spacing shall be a minimum. 


Place pipes spaced 5 ft on center on top of each lift above. 

irk c. For placing temperature 65° F to 75° F: Where foundation is le vel 4 

; | on six 2-1/2-ft lifts. Where foundation is sloping, 5-ft lifts may be used a i 
; untila maximum horizontal width of 20 ft has been developed. Above this level " , 


| Heat generating charact 
— 
a 
— 
oS a. Height of life shall be 5 ft or2-1/2-ftas specified below. = © — 
Ms 
— 
‘ 
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_CRACKING IN DAMS a 


place 2- 1/2- ft lifts until rock is covered. _ Rock may be considered covered 


when only | local areas less than 20 ft in any ‘direction remain ¢ exposed. 
pipes spaced 2-1/2-ft on center on top of rock and on top of each 2-1/2-fto 


or above 75 F: Placing c concrete on rock should 


If this is not possible, follow instructions given in note 2c. 
a + For periods of rising placing temperature: If in zone 1 at least 15 ft 
of concrete is in place within a columnon a level foundation or 60% of the base ; 
area of a column is covered on a sloping foundation when temperatures rise 
_ from one range to the next, the lift and coil layout corresponding to the — : 
____—«cIf less concrete is in place, the lift and coil layout ‘shall be . changed 
to to that specified for the higher placing temperature. = = = — | 
In columns where placing of concrete will be started a short — 
“s before a rise of placing temperature to the next higher range is to be expect- 
ed, all lifts and pipe spacing may be based on a layout corresponding to the 
For periods of falling placing temperature: For concrete placed dur- 
; | falling temperature the lift and coil layout shall be changed when placing ' 


= Use 5- ft lifts. Place pipes spaced 6 ft 3 in. on center on top of each lift, 


 Second-s' -stage construction shall start with two 2-1/2-ft lifts — with 
a minimum of 72 hr between lifts. _ Pen spaced 6 ft 3 _ on center shalt be 


= one 4 
Use 5-ft interval lifts shall be 42 hr. 


; it Pipes shall be spaced 6 ft 3 in. on center horizontally and 10 ft on center = 
vertically from El. 1635 to and including El.1685. 


Tae River water shall be circulated through coils until November 15, 1944, 


a“ = Where no cooling pipe is s provided, special requirements for height of 


‘lifts and f pl t d 
‘lifts and rate of pl acing in in restrained | zone | sha be as follows: po — 


a. placing temperature 55° F or below: Use ft lifts at inter - 


For 65° F to 75° F Use 2-1/2-ft lifts at 3- -day 

-These requirements shall be applied | on approximately level 
pre until a minimum of 10 ft of concrete has been placed and on sloping _ 


foundations until the rock is covered. No special requirements shall apply 
"where the transverse base dimen ion of the block is than 50 50 ft. 
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POWER DIVISIC iwe 


Proceedings of the American Society of Civil E ngineers 


By N. L. Scott, 1 M. and R. F. sensi 


This paper outlines the unusual aeons features of th the first oe 


mercial fast-neutron reactor power of shielding, , shield- 
ing penetrations, and special construction methods are dis-— 


‘cussed. 


ia The Enrico Fermi Atomic Power Plant, located near Monroe, Mich., 

scheduled to go critical in 1960. This plant will produce i 


by use of conventional steam turbine - electric generation, but the steam will 
the use of a liquid- -metal cooled, fast-neutron- breeder re- 


encountered in designing facilities of this kind. Particular at- 
_ tention is focused on the problems that are considered unusual when compared — 
an 


to the design of a steam- electric 


Note.—Discussion open until July 1, 1960. To extend the > closing date one mont month, 
"written request must be filed with the Executive Secretary, ASCE. This paper is part 
. of the copyrighted Journal of the Power Division, Proceedings | of the American ‘Societ ty 
of | Civil Engineers, Vol. 86, No. PO 1, February, 1960, 


— Structural Engr. Commonwealth Assocs. Inc., Jackson, Mich. 
a Nuclear Engr. Atomic Power Development Assocs. Inc., Detroit, , Mich., ,on 


IC POWER PLANT 
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‘The heat generated within the reactor vessel by the nuclear reaction is carried 
away by liquid sodium. The liquid sodium, in turn, transfers the heat to water 
toproduce steam. 

= 
ff 
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Ss level of the reactor or to shut it down. 


February, 1960 


The nuclear portion of the plant includes the reactor, hand- 
ling equipment, ,control devices, heat removaland steam generation equipment, — 
electric power generating to house all of this 

a Most of the heat and about one- -fourth of ‘the new fuel (plutonium) is iia: 
in the reactor core, , which is an assembly of alloy pins containing uranium that | 
is partially enriched in U-235. Surrounding the core is a breeder blanket of 
alloy rods containing depleted uranium; depleted uranium has the fissionable ~ 


U-235 isotope mostly | removed, leaving U-238. Nearly three -fourths of the new 


fuel is produced here. Eventually, the plutonium produced will be re- -used as 


Heat is removed from the reactor core and blanket by | circulating liquid so- f 


dium. The heat is transferred to a a secondary s sodium system in intermediate | 
heat exchangers and is then transferred to water and steam in once-through 


type of steam generators. — ‘Steam is utilized in a conventional steam turbine 7 
is directly connected an electric generator. 
a or unloading the core and blanket is accomplished by a a handling ~ 
‘system which consists of a rotating shield plug and an offset handling mecha- _ 
‘nism. bes A hold-down plate is located below the plug to maintain r radial aline- 
- ment of the core (fuel) subassemblies and to hold them down against the pres- 
sure caused by the up-flow of coolant through these elements. This plate also 
as a guide for the control and safety roddrives.§ 


_ Neutron- -absorbing rods containing boron carbide are used to control the 7 


The reactor-control system 
consists of instruments and other devices integrated with the steam-plant- 


control system to provide stable operation of the entire plant. =eheneer 

- The | reactor has been conservatively designed and safety aspects have been —- 
emphasized. The reactor and complete primary ‘system are contained ina 
gastight steel building, 


The > reactor is designed for an initial heat output of 300, 000 kw and it is 
anticipated that ‘this will be raised to 430,000 kw with subsequent loading 
schemes of the core. The Detroit Edison Co. (DEC) will be able to generate 
~ 100, 000 kwof electrical power from the 300,000 kwof heat produced uy the s the re- 


actor and 150, 000 kw at the higher rating. 


awe 
= hi being built on a tract of land lof 
approximately 915 acres.3 The tract is located about 30 miles southof Detroit 
on the western : shore of Lake Erie at Lagoona Beach , Frenchtown — 
- Monroe County, Mich. Fig. 1 indicates the location of the site. 


_ The property is generally low and marshy, but in 1956 anoventmatety on 000 


cu u yd of muck | were excavated and | replaced with 500 ,000 cu ny of f clay fill to - 


water level ever recorded in this vicinity. Fig. 2 is a plot plan showing the 


relative location of the various 


buildings on the site. 


ee 3 Additional information on site development can be found in “Civil Engineering ne 
pects of the Fermi Atomic Power Station,” by Pharo C, Burg and John G, Feldes, ring Ae 

of the Power Div., Proceedings of the American 1 Society of Civ. re Vol. 84, No. PO a, 
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February, y 19600 


: ment It is designed for normal structural pote and a an 1 internal pressure “a 
psi so that it would contain allot the radioactive fission products or radio - 
active 
ee There are within this reactor building | a few areas of construction that might — 
be considered unusual when compared to the normal design problems of con- 
ventional steam power plants. — - Plan and elevation views of the or are 

The secondary shield wall presents a few of jane problems . This wall is 
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sodium secondary coslea circuits as shown in Figs. 3 and 4 ee purpose of of 
this shield is to reduce the neutron leakage from the primary shield to a — : 


exchangers, ‘the sodium p pumps and the other operating equipment from becten- 
ing highly radioactive due to neutron capture. The secondary shieldis a nomi- 
nal 30-in. wide concrete wall that is 28 ft high. Both faces of the concrete wall 
have in. steel cladding. During ‘construction, this cladding serves 
_ concrete forms and during plant operation these plates — to reduce the heat- — 


in some areas. In these areas, a 2-in. steel thermal shield is added to pro- 


_ tect ct against. excessive heat ee within the concrete shield due to the ab- 
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secondary shield is such that there are intense gamma radiation sources(pri- 
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February, 1960, 


sorption at these gamma rays. - ‘This steel reduces the gamma radiation flux 


on the concrete and limits the rise and resulting 


&§ steel thermal shield and the concrete wall to allow for gas cooling by forced 


poured in one operation without construction joints. It was decided to u use the 
intrusion-grout method of placing concrete for a number of reasons. The pri- 


THROTTLE VALVE ——+ 


PRIMARY pre 
‘SHIELD TANK 


bes 4.—ELEVATION OF REACTOR PLANT 
“i mary reason was to insure a shield of uniform density. Because te con- 
gestion within the wall due to reinforcing steel, tie bars, sodium and gas pipe _ 
_ penetrations, and the inaccessibility of the lower portions during the pouring * 
j _ operation, conventional methods of pouring concrete were ruled out in favor of 
‘this instrusion method. 
_ This method not only will helpinsure the proper penetration of grout around © 
the wall inserts and congested areas, but should eliminate any creatine im 
and and subsequent cracking. These are prime im- 
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portance in any shielding By the more care 
canbe exercised to insure proper alinement of imbedded items and the result- 
a. ing form pressures will be advantageously | reduced from those that might nor- : 
4 mally be expected for a wall 28 ft high. There ar are three separate areas (oppo- 
site the 30-in. reactor outlet) where the minimum density of the wall must be 7 
- 160 lb per cu ft instead of 144 lb per cu ft. Heavier selected aggregate will be 
7 used in these limited areas and the whole wall grouted in one operation. a 
Ss This wall also presented a very unusual construction sequence in that the | 
erection and cold springing of the sodium pipes penetrating the wall had to be © 
before the concrete was poured. The split sleeves were installed 
around the pipe and the adjacent wall plates were then built to fit to the field | 
location of these sleeves. This sequence of construction was necessary due to 
_ the close tolerance required between the sleeve and the pipe and the difficulty 
_ of designing a sleeve that was capable of giving this fine adjustment in three 
different directions in such a limited space. _ After these sleeves and plates | 
are placed and seal welded, the area within the wall will be thoroughly cleaned — 
out. Aggregate will be placed in the wall from above and then the grouting © 
operation will fill the voids wv with a cement and sand intrusion mix to complete — 


‘The operating floor is not only a} a platform for servicing equipment, but is, 
by necessity, a very important shielding structure in the plant, since it serves 
as a biological sh shield. The operating floor shieldis both a neutron and gamma _ 
Boe shield and consists of 5 ft of concrete and steel. _ The steel thicknesses | 
vary depending upon the radiation source, size and geometry. This biological - 


_ shield is designed on the basis that plant personnel will receive no more than 


one- -third of the total radiation dose. currently allowed in “Atomic Energy 
- mission installations during a 40-hr week. This corresponds to a dose rate of . 


exchangers, and overflow | pumps penetrate the floor for 
7 ing these penetrations of the biological shield became an important consider-_ 
‘ _ ation in the design. To prevent streaming of radiation up through the gaps be- _ 
- tween the equipment and imbedded sleeves, it was necessary to step the joint — at 
a and minimize the gap widths. The magnitude of this problem increased be- 7 
- cause the thermal expansion movements of equipment resting on the basement 
Ba floor had to be made compatible with the movement of the heated operating © 
floor. This was important enough | on some equipment pi penetrations to warrant 
‘ _ the actual field fitting of sleeves to the contour of these items in — to — Ga ‘? 


tain the specified gap with. 


The necessity for equipment penetration of the operating 
other problem. Since equipment like the sodium pump and heat exchangers will 
be handling hot sodium and the surfaces of this equipment within the floor 
_ sleeves cannot be insulated because of shielding limitations (radiation stream-_ 
ing), the concrete inthe surrounding floor will reach much higher temperatures 
than the rest of the floor. Concrete may become damaged and lose its neutron | 
effectiveness if it becomes overheatedor is subjected tointense radi- _ 
, ation. If the temperature of the concrete is allowed to rise above the boiling — 
a _ point of water and remain there for any period of time, the water of hydration 


: gradually lost and its neutron shielding value is reduced. _ In order to pre 


vent the loss of water, the temperature of ordinary concrete is limited to 200° F. 
I snc consideration of many different materials to use as substitutes for con-— 
crete in these areas, it was finally decided to use serpentine concrete (See 
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_ Serpentine rock4 has the desirable characteristic of being able to retain its 

water of crystallization at high operating temperatures and will satisfy ‘the 

; shielding requirements. Tests indicate that serpentine rock will retain its 
s water of crystallization at temperatures up to about 950° F. Laboratory a 
_were also conducted on test batches of serpentine onmneate. to determine the 
‘gradations of not only a workable mix, but one that would result in a maximum | 
_ density of serpentine aggregate. Cylinders were then tested after various a. 
_ ing cycles up to 500° F to determine loss of compressive strength, shrinkage, — 

_ density and bond strengths. . Additional chemical analyses were conducted | of 


- determine if the serpentine aggregate would react adversely in the concrete 
mix and cause deterioration. The test results indicated we could | expect 2,000-— 


ac 


BALDING 


‘FIG, 5. PICAL FLOOR PENETRATION FOR BUILDING 
The sequence of pouring this floor is rather critical because of alinement — 
problems on the sleeves and because of the fine tolerance required for vertical _ 


- alinement on the equipment decay tanks cast into the operating floor. . These 
decay tanks are made of carbon steel and will be used to store radioactive © 
~ equipment that has been removed from the ‘operating areas. _ This equipment — 
will remain in the decay tanks until it has decayed ed enough | so that it can be \- 
Safely re removed from the building a and disposed 
—— first it seemed advisable to box out the operating floor in the areas of. a 
the equipment penetrations so that = sleeves and the decay tanks could be 
accurately alined and then grouted in. The expense of boxing out all of these 

Paper 21- New Shielding Materials for High Temperature Application,” by H. 


Hun ungerford, R. E. Mantey and L. P. Van Maele (APDA), aie at the aoe 1958 
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‘ae ee the maze of reinforcing steel involved is prohibitive, and the re- 
- “sulting « “swiss cheese” ” effect. on a floor that might be required to take a load — 
of 175 tons and still be comparatively crack-free is certainly very undesirable. _ 
‘The plan finally adopted is to support these decay tanks from below and pro- -_ 
- vide a flexible type seal between the decay tank and the operating floor plates — 


“so that, when the concrete is poured and these plates supported by the floor | 
beams begin to deflect, the decay tanks will remain in vertical alinement in-| 
of f sloping with the floor r plates in their deflected position. 

‘The areas where ‘serpentine concrete is to be poured (Fig. 5) will be boxed 
_ and poured after the plates have taken most of their deflection and the 
subsequently set to the necessary close tolerances. As the 

= rete will be poured in only a small percentage of the floor area, , it isa 
ticipated that the small horizontal displacement of the top of the sleeves, i 


' to any change in slope of the supporting plates, can be adjusted back to their 


pre cise location before the concrete sets. 
Concern wa was s expressed a as to the type and magnitude of stresses that might — 
_be caused in these high temperature areas of the floor. _ Indications from the | 
: __ stress calculations made to this date indicate that there will have to ) be a Sub- 


: “of the intermediate heat exchanger sleeves ‘to take c care » of high tensile forces a 
thus prevent cracks inthe shielding concrete. = = 

In addition to the thick concrete in the operating floor used to stop the neu- - q 

i ‘ly radiation, there is a need for heavy or dense material to stop the intense “7 

gamma radiation. _ There is a minimum thickness of steel plate of 3. 1/2 in. a 
covering the entire floor area below the concrete, and in addition, there are 


: many areas of the floor near radioactive hot equipment and piping that that hav — 


necessity for shielding a 1/2-in. gap the contain- 
- - ment vessel wall and the operating floor required a field survey of the as- built 
. dimensions of the containment vesselso that the shop could fabricate the neces- 
= steel floor plates to maintainas nearly as possible this 1/2-in. gap. It is 
of interest to note that this field survey indicated the steel containment vessel 
: os and contracted from cold cloudy days to warm sunny days in such an 


steel plate thicknesses. varying up to 14 in. 


erratic manner as to indicate that the proposed 1/2-in. gap had to be opened 
to 1 in. in order to prevent the two structures from coming in contact with» 
‘oh other. To insure that an adequate shield is maintained, an additional steel 
was added as a cover for the gap. msection 
The reactor containment vessel was constructed in accordance with Section 
vil of the ASME Boiler and Pressure Vessel Code and carries an ASME Code 
- stamp for the specified design pressures and d temperatures. It is Stout q 
of ASTM A-201 Firebox Quality, Grade B steel ordered to the requirements of 
Ast A-300. It has been pneumatically pressure tested at 40 psig in accord- 5 
pesos with the ASME Code. | _ Leakage rate tests have been made at the design 5 
ane wi of 32 psig todemonstrate that the leakage is less than 500 cu ft in 24 


or This is essential to the containment | philosophy of the 


¥ 


voids of the concrete, the concrete withstand the ‘small tensile 
o> that might be developed. - For this to become a serious problem, it 
would seem that the volume of voids in the concrete would have to be much 


Questions that arose, previous to leak-rate % 
were the possible absorption of pressurized air Dy the concrete and then the 
BA possibility of damaging the concrete with a quick release of this air — | 
— 


larger than would The of ‘the pressurized 
_ flowing to and from | these numerous voids would also have to be of such asmall 


size and number that it would take a relatively long period of time as bleed out — 


ae The possibility that these two conditions would occur in the same alli 
_ mix appear remote. _ Results of leak rate tests made by others under similar — if 
conditions, that is, with a substantial amount of concrete within the pressure 
-_- vessel, indicated they had not experienced any trouble. It was finally conclud- 
a that this 5 was not a real problem. - The subsequent pressure tests indicated rsa 
no such tothe concrete occurred. — 
The office shntetinndiieial very few unusual problems. There were no special | # 
_ shielding problems since it is to be evacuated whenever a remote maintenance t 
_ operation is being conducted in the reactor building which requires evacuation 
of the site. ‘The office building is a two-story, welded steel frame structure. 
It was designed as a rigid frame to eliminate the need for wind bracing. | _ Ex- 
3 terior siding consists of corrugated asbestos board on — channel and esi 


| : a ation of the plant is controlled, but it also serves as the control area for the ~ 


remote handling of any radioactive equipment being removed from the reactor ~ 
_ building to the fuel and repair building. Because of the close proximity to the 
reactor building and the necessity for raising radioactive hot equipment above — 
ie reactor building operating floor 1 for maintenance purposes, it, was necessary ? 


Mi entire north wall was constructed of concrete 40 in. thick to guetect personnel 
radiation emanating directly from the equipment during 


“on n all sides and on the roof to ‘shield against any air + scattered radiation. Since — : 
tether 8 in. hollow concrete blocks nor 12 in. hollow concrete blocks would — 
-—batiaty the 4 in. solid concrete requirement, it was decided to use an 8 in. 
hollow block wall backed | up by 4 in. solid concrete block. This. procedure will 
“result in at least an equivalent 4 in. of concrete even if some of the joints = 
not completely filled with mortar. The idea of using just the 8 in. hollow block 7 
 walland filling the holes in the blocks was considered, but it was felt that these 
holes could not be easily filled and that there would undoubtedly be some ve , 


and each expansion joint is a 1.1/4 in. steel plate to 


_make up for the 4 in. of concrete that were displaced. = © 


_ Penetrations for plumbing vents through the roof were shielded by putting © 

- 90° elbow in the vent pipe as close to the underside of the roof as possible 
(Fig. 6). A steel plate was hung beneath the elbow, centering on the drainopen- 
ing to make up for the loss in roof shielding. * In the case of the roof >a 
that penetrate the roof, a 4 in. ‘concrete slab is placed over the. opening as a 
fan instead of beneath the roof. One large air — is ape housed in a — 
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in. “thick concrete casing that serves” as | the shield | for th the a actual 


The building houses the secondary sodium pump, , secondary 
sodium storage tanks, steam generators and the various allied equipment. The 
eee sodium is pumped through the intermediate heat exchangers in the — 
equipment compartment of the Reactor Building \ where the neutron flux level 
has been reduced by the secondary shield to the order of 104 neutrons per sq “4 
cm per sec. The e specific activity | of the sodium coolant is than 
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7 the AEC maximum level of radiation). It neve outside 
a containment building and transfers this heat to the steam generators where it 
is used to generate steam. This steam is then sold to the Detroit Edison Co. 


‘This is essentially a conventional type building except for the wall adjacent | 
* the reactor building. The western halfof this wall is a 30-in. thick concrete 


operations. The remainder of the walls consists of a frame 


roof cadets of lightweight steel roof — with 1 in. insulation and built- -up < 


- shield wall similar to the north wall of the control building. The purpose of - 
va this shield wall is to protect control-room personnel from gamma radiation © 


- from radioactive equipment removed from the reactor vessel during remote 
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The south wall of this building is on the lease line and is acommon wall © 
- between the Power Reactor Development Co. (PRDC) and the DEC facilities 
on the site so there was need for close coordination in the design of foundation 

ae and steel work in this area. DEC actually constructed the south foun- 

E ion wall to rest on, and key into, bedrock and later the PRDC base slab was 

_ poured and keyed into this wall. _ The structural steel schedule indicated that 

- PRDC would erect their steel first, thus the column sizes required by DEC on 


q tailed, fabricated and erected by PRDC’s contractors on both sides of the leas 
The interior structure of the steam generator building has not as yet . 


been fully designed so it will acteany to be finished after the building 
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FIG, 2. —PLAN OF SODIUM GALLERY 


_ dary sodium piping from the heat exchangers inthe reactor building to the 
am generators in the steam generator building. The concrete walls of these © a 
tunnels also serve as 5 part of the biological shield. 7 ‘The ‘source . of radiation is 4 
the highly radioactive primary sodium gamma-ray leakage from the reactor 7 
out through the large secondary sodium pipe penetrations. The piping 
peo fiber glass sleeves used ‘because of the presence of induction —/ 
coils on the piping. Normal carbon steel sleeves would have interfered with 


_ the heating of the piping. It was necessary to investigate other materials that — 


could function as a waterproof barrier, possess good structural characteristics, 
resist temperatures up to 250° F, would not heat up the induction heating 


q 
 « 
— 
— 
¥ — the south wall were obtained trom DEU andall this steel was then actually de — ig 4 
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field would not be susceptible to corrosion . Both and 

certain types of fiber glass seemed to measure am to these qualifications. 
= the fiber glass was tt the cheaper of the two, it was the material selected. 
yr A point deserving more consideration here, is the maximum temperature 
expected in the tunnel and the sleeves in case of a power failure in the venti- 
. lation system. If the sodium gallery concrete structure were designed to stand | 
e : the higher temperatures contemplated during a power failure, it would probably a 
have been cheaper to use the stainless steel sleeves and we could have elimi- re 
nated the provisions for emergency cooling. Since the gallery was designed for 
operating temperatures of 150° F to 175° F , it was considered necessary to 
_ prevent the tunnel structures from ever reaching temperatures that would be 
As will be noted from Fig. 7, the area opposite the sleeves in the tunnel is 
wider than would be needed for mechanical reasons. ‘This is a shielding con- 
sideration that will prevent scattered gamma 1 radiation from shining down the 
length of the tunnel into the steam generator room. In addition, there are con- 


of the tunnel. In addition to the concrete block partitions at ‘the stea 
- generator building wall penetration, there are 8-in. thick steel donuts around 
the pipes to prevent radiation from streaming into the building. — == 
Since the ends of these so- -called tunnels are closed off, it is ‘necessary to 
leave the tunnel roof off until all the piping and related work inside is com-_ 
pleted. _ After the secondary sodium piping is tested and ready for operation, 
the tunnel roof will be constructed. Precast slabs will be used as forms and 
; i the remainder of the roof will consist of poured concrete. By using solid in- 
- i stead of hollow slabs,credit can be taken for their full depth as shielding. * 
- Shielding requirements dictated what the total thickness of the roof slabs should — 
be. ¥ Since this is a biological shield, the dose rate at ground level is reduced — 
‘to one- -third the AEC permissible radiation level 


PIPING 
the 30-in. ventilation piping (Fig. § 8) is to containment vessel 
and thus, it is actually an integral partof this containment system. Therefore, | 
the ventilation system is designed for a maximum 1 pressure of (32 psi. “Its: 
function is to convey the cooling nitrogen atmosphere of the lower reactor con- 
a tainment vessel through a heat exchanger on the outside of the building and 4 
then back into the vessel. Because of shielding problems, it was not feasible 
_ to penetrate the biological shield wall above El. 582 (grade in this area is at 
El. 590). The penetration was thus made below the 7- -ft thick portion of the 
wall and required to a path to out 


a of straight pipe to disperse this radiation streaming down to a level that was > 
safe. Since there are four of these 30- in. pipes coming out of the northeast 4 


- quadrant of the building, it proved to be a hopeless task tocome up with a lay- “a 
is out in plan view that would meet all of these conditions and not short circuit 2a 
some of the radiation out a shorter route, such as through an adjacent vent pipe; 


the only thing left to do was to go down. 5 This resulted in the piping being run 
at a depth of approximately 25 ft below grade. b Temperatures in the contain-— 


4 


= 
bic partition that will be placed in the tunnelafter the piping is erect- 
— 
= 
= 


of utmost importance, it seemed v very ‘undesirable to ‘merely bury the pipe in ay 
: z the ground. At a depth of 25 ft, it was questionable if the pipe could have moved — 

- against the earth pressure without becoming overstressed, and without verti- — 
cals support from below, the overburden might overload the pipe asthe backfill i 
eventually settled. Added to the foregoing problems is the question of cor- 

- rosion involved in burying in the ground a pipe which must have such a high | 


The decision was made to encase the pipe with concrete which will accom- 
op plish the following: 


590! $90" FINAL GRADE 


per 


~ 
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vite all loads coming from 
b. Since there is a 3-in. gap between the 30- in. and the concrete en- 
casement, the pipe is now free to expand andcontract with changes of tempera- — 
‘ ‘Le % The 3-in. annulus between the pipe and the concrete encasement is drained | 


_ to a sump pit which will be pumped to keep the . pipe ne dry; there- 


fore, it is not anticipated that corrosion should cause trouble. 
The pipe is 100% cold sprung andis supported from spring hangers incorpo- 


an into the concrete encasement. _ Theoretically, it should have minimum > 
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ying and storing fresh fuel 


a Bec a steam cleaning facility toclean off the contaminated sodium and stor- 
ing them in thedecay pool for about 100 days. After these subassemblies have 
- decayed as required, they may be transferred toa a cut-up pool where they will 


disassembled to the fuel the hardware to shipping 


a and the cut- -up pool is 12 ft wide. mig’ subassemblies will be handled from a 
small bridge that will travel the length of the pool. The depth of the pool is 7 
such that the operator can stand directly « over the ‘subassemblies, lift them © 
from their racks and transfer them to other areas 5 of the arr —— have P 


system will be used to. remove any radioactive material | in the water. Room 
has been allocated in the plans of this building for future maintenance aol 7 f 
ations of the reactor but at this will 


3. ‘Water purity - - as high as can be obtained with the pool surface exposed 
tostmosphere; 
_ 4, Absolutely no leakage of pool water into the surrounding soil; 
5. - Maximum pool water activity of 5.0 x 10- -4 microcuries aid due to 
; 
A survey of pools that have been in operation for some time indicated rm 
‘the most positive method of obtaining a leaktight pool was to use a metal liner 
‘d that initself canbe made leaktight. There are several types of protective coat- — 
“ing for concrete and steel on the market but none of these (at that time) would — 
hold up under the high radiation levels expected in this pool. The highly de- | 
_ mineralized water, the | stipulation that no leaks can be tolerated and the — 
ra of protective coatings that would withstand the high radiation level, limited eal ; 


field of possibilities to aluminum and stainless steel. Preliminary quotations 
therefore, that aluminum tanks would be cheaper t than stainless } steel eae) 


‘gree to determine whether they were serious problems. 
__ One of the questions raised was the reaction between the concrete and the 


andfill layer w ‘would be used to catch ‘possible leakage from ‘the. liners and to ; 
== it to . monitoring station where it can be checked. __ Because of this 
porous layer, there should be no water gathering behind the liner, and there- 
fore, no reaction between the concrete and liner. . If water should appear at 

A this monitoring station, it can be determined whether the water is ground water _ 
_ or radioactive water from within the pool. Another possible cause of trouble 
is the presence of metals in the water that could alloy with the liner. Although’ 


fuelsubassemblies coming into the reactor building and spent fuel 
a _ assemblies leaving the reactor building must be taken through the fuel and a. ae 
7 building (Fig. 9). There are facilities for recei 
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“present for such a short time that no trouble is 
A question was also raised of the possible corrosive reaction between : a 
_ large volume of stainless steel which may be submerged in the pool and the 

rr liner. Although there seems to be no clear cut answer to this ques-— 


tion, the consensus of those people contacted re regarding this problem indicated _ 
the corrosion would be v very slight if it occurred at all. In one isolated case 
this apparently did occur; however, it is felt that either the water had become | 


somewhat impure, which allowed a galvanic reaction to take place, _ or some 


"stray eiaternene currents may have ¢ existed due to improper grounding. 


oo ‘The ‘nuclear | portion of this p plant is being built with private ‘resources ces by 


= Reactor Development Co., Detroit, Mich. Atomic Power Development © 


Associates, Inc. developed the conceptual design and is acting as nuclear con- 


-sultants for the project.  Architect- Engineer services are being furnished by 

Commonwealth Associates Inc. for Power Reactor Development Co. United 

* Engineers and Constructors, Inc. represents both The Detroit Edison Co. and 

Power Reactor Development Co. in the field as Construction Engineers. . The 

: turbine-electric portion of this plant is being — and built aah The a 
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'GOMERY DAM - - ROCK FILL WITH ASPHALTIC CONCRETE DECK? 


Closure b by F. W. B. Snethlage 


"VANDER, ] F. ASCE.—The authors feel gratified that the various discu 


_ sions of their paper contained generally favorable comment. ca ln 


Mr. Scott points out that settlement of the rockfill dam with which he has 
been concerned, to date, 


Mr. Scott further reports some cracks ‘and the repair thereof. Just what | 
these cracks is not definitely known, = 2 


a. Near the crest of the dam, working conditions were not as favorable as” 

~ along the main portion of the upstream slope, so that slight deviations of the 

paving machine, caused by inaccurate placing of the hoisting center, may have 


resulted, here and there, in a weak “vertical” joint between adjacent strips. _ 
paving machine could not lay a continuously to the exact of 


= shan of the deck, that is, some 4ft or 5 ft heneed, had to be paved by hand 
_ work, involving cold “horizontal” joints. . If such joints were made without the 
required care, opening at a later date could occur. 

c. It is not impossible that the severe cold of the region in which the ted 
is located could cause weak joints to open due to contraction of the asphaltic 
i However, for well-made joints the writers consider this latter pos- _ 
_— sibility unlikely, ‘because such behavior was not borne out by the laboratory 

tests, and the cracks are pouenris to be not ion cae either in length or in = 


any rate all the occurred above ‘full level, that is, 
. within the upper 7 ft of the deck, (measured vertically), penetrated no — 
| 
the upper layer of deck and were 


' ar... to leakage, not too much is known with certainty; the location of the 


dam , practically inaccessible during part of the year, does not permit fre-- 


, Dept. of 


Utilities, Colorado ‘Springs, disclosed that, as of 1959, “There is no 


evidence at this time of an reciable leakage.” —s—‘“‘“—i—i“‘<‘;<‘i:;” 


a February, 1958, by 1 F. Ww.  Scheidenhelm, , John B B. Snethlage and Arthur N. .Vanderlip. 
. Engr., N. Y., deceased — 1959. 
. Engr., 50 Church St., N.Y. 
. Engr., 50 Church St., N. 


| MON 
_ MON 
— 
— 
N. 
a 
| 
q 
— 


"February, 1960 
Mr. Sherard’ discussion touches on the principle of use con- 
a crete as a deck material. He states that the rockfill base upon which the as- 
a ‘phaltic concrete was constructed could serve equally well for a Portland ce- 

- ment concrete ‘Slab. The writers fully agree. _ However, further on in his 
discussion, Mr. Sherard, in discussing the economy of these two deck ma- 
terials, states that the | cost of such a Portland cement deck could have been | i 

‘ reduced by steepening the upstream face. The writers again agree, but i 
compelled to point out that, if the rockfill material itself is to be deposited in _ 
the most economical manner, that is, by dumping, the upstream slope should 
not be steeper than the natural slope of dumped and sluiced rock, approxi- 
mately 1 on 1.3. Further steepening, to permit economy in the use of a Port-_ 

_ cement concrete, would require the use of an expensive r rubble e masonry — 


wall to x retain the dumped rockfill material to. such steeper slopes. 
Mr. Shei Sherard inquires about the thickness of the graded in, to 2 


terial ‘immediately. underlying t the asphaltic concrete | deck. The purpose of 
=. this material was to convert the relatively rough face of dumped Zone 2 
material into a relatively smooth and even sur: face upon which, after stabili- ; 


To avoid excessive depth of this finer material, the -rockfill specifications — 
a “suggested (but did not prescribe) | that for ‘Zone 2 material the larger rock © 
_ pieces, permissible in Zone 1 material, be omitted. In a subsequent specifi- 
cation for another dam, the writers prescribed that the rock of the Zone 2 
material should not exceed 18 in.; also that the upstream, sloping surface of _ 
the Zone 2 material be rolled with a vibratory roller of large diameter. oe ~4 
a Thus the depth of this surfacing material varies. _ The minimum depth can — d 
7 approximate zero, that is, where the rock of Zone 2 is at the prescribed sur- 
face. The maximum depth is that of the deepest, irregular surface o apace be- » 
tween adjacent rock: pieces o of ‘the Zone 2 material. —Itis the w 
oo offhand impression that such maximum depth should nowhere be in excess of 
(15 in. and that the average depth, that is, the total volume of surfacing 1 ma- ma- 
terial used, divided by the deck area, would not be greater than 6 in. » Soe 
The construction item for the surfacing work specified payment per square 
ard of slope area and hence the actual amount of material required for th : 


work is not known to the writers. 


Mr. Sherard states that a deck of plate steel, as used by him on a rockfill - 
-*. in Venezuela, is more flexible than either an asphaltic concrete or Port- _ 
‘land cement deck. The writers agree and are of the opinion that flexibility of 
Zz deck material is of the greatest importance. However, they wish to point: 
out that an asphaltic concrete deck is much more flexible than a Portland ce- _ 
deck and that a flexibility greater than that of an asphaltic concrete 
deck, | given reasonably good construction of the underlying is is proba- 
_ Mr. Sherard further inquires about the method o of the iibie flow” tests. 
_ The entire testing program, procedure and interpretation of test results was > & 


pee: by the writers in their paper entitled: | _ “Laboratory Investigation of” = 


Asphaltic Concrete, Montgomery Dam, Colorado,” ” presented at the annual 
7 ‘meeting of The Association of Asphalt Paving © Technologists in Montreal, 
Quebec, Canada, on February 19, 1958. This paper was pp. 389-493. 
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DISCUSSION 
DISCUSSION 
testing method slope-flow tests involved, in essence, the prepa- 
ration of test specimens, from aggregates and asphalt to be used for actual 
~ construction (the latter in varying percentages), prepared ina manner which 
simulated as much as possible actual construction methods, including a ase 
of compacted crushed stone. These specimens were then subjected, when 
: _ placed under various slopes, to controlled temperatures from above, as ll 
as from below. a Flow measurements were made from markers on the surfa 
mis _ The testing program did include tests pertaining to ice effect,as mentioned — 
. by Mr. Sherard. A specimen of asphaltic concrete and a volume of water were © 
- frozen solidly together and then tested for breakage. The frozen asphaltic 
concrete specimen was held rigidly in a hydraulic test machine and breakage 
effected application pressure on the ice. In each case the ice” broke 
along a plane at or practically parallel to the surface of the specimen, with- 
on affecting the asphaltic concrete surface in any manner whatsoever. vl 
- The dam has, to date, gone through three winters and the owner reports as | 
7 of May, (1959, “There are no cracks nor checks evident, nor is there any evi- | 
4 of ice scour or abrasion. 
_ The writers wish to use this opportunity to correct a regrettable error in : 
ry rock quantities listed on p. 26 of the paper. | The volume of Zone 1 ma 
- terial should be 627,000 cu yd instead of 420, 000 cu yd and that of Zone 2 ma- ' 
‘terial should be 78, 000 cu yd instead of 58,000. cu yd. The average cost of _ 
$1. 40 per cu yd is not affected by this correction. ” Fortunately this error was 
discovered prior to the reprinting of this paper in ‘the “Symposium on Rockfill 
Dams,” published by ASCE during September, 1958, so that the Symposium 
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Corrections to Discussion ssion! by G, G. R. Scott, F. ASCE 
er 
CORRECTIONS. —Please delete t the third paragraph substi- 
tute therefore th the following: 
“Several short horizontal and vertical ‘cracks w were observed | in 1959, be- 
fore the reservoir was refilled. | All were above spillway level (El. 10 361) 
and varied from 1/4 to 1/2 in. wide and were about 4 in. . deep, or through the | 
top layer. The horizontal cracks ranged from 2 to 6 ft long and the a 
cracks were about 10 ft long, following construction joints. = 
‘The cracks were cleaned out and coated with h hot asphalt, then filled with: 
- sand and the whole covered with hot asphalt. 
= be | F° of 120 - ain fluxed or blended with a kerosene type solvent.” _ 
4+ Pe 


February, 1958, F. W. Scheidenhelm. 
October, 1959, Proc. Paper 2238, 
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OCKFILL SPRINGS AND LOWER BEAR. 


by K. K. Terzaghi 


| 
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. Co. ., in n the construction of the fourteen rockfill dams owned by this Company. 
It also contains of the results of the were 


the existing dams, during construction and the subsequent service period, 2 
construction of ‘similar dams with an unprecedented height involves “much — 
- more thana “calculated risk,” and may lead to failure. _Therefore by making — 
_ meticulous observations on dams which were built under close supervision 
and placing the results at the disposal of nate readers, the authors have noe) 


controversial aspects of some of the procedures entered into 
_ construction of the dams described by the authors. Foremost among them is | 
the sluicing o of dumped rockfills and the deposition of the rockfill in very — 
Effects of Sluicing. —It is generally believed that the water discharged 
the monitors washes the smaller particles into the interstices between the a 
large rock fragments. Since the writer is unable to understand the mechanics _ 
of this process he missed no opportunity to watch the dumping and sluicing | 
_ operations on rockfill dams. He arrived at the conclusions illustrated by 
“Rig. 1, representing a vertical section through a high lift. When a new batch 
of rock is dumped and moves down the slope, segregation takes place whereby — 
the average particle size and the degree of uniformity increase with increas- 
ing distance from the upper edge of the slope. » Most of the “fines” come to ae 
rest on the upper part, zones b in ‘Fig. 1. The mechanical action of the 
jets discharged by the. monitors is limited to the t uppermost portion of the 
slope extending to a distance of less than 30 ft down the slope. (Zone a, Fig. De 
_ Within this distance the impact of the jet moves smaller particles into the in- 
_terstices: between the larger ones, but the effectiveness of this action is 
limited to a very thin layer. This conclusion was confirmed by the following 
field test which was performed in the presence of the writer. | 


The test involved an to the voids in a rockfill consisting of 


a —_— a mixture of sand and gravel was dumped onto the rockfill and ‘then 


a 1958, by I. C. Steele and J. B. Cooke. 


1 Prof. Civ. Engrg., Div. of Engrg. Univ., ‘camb 
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acted upon ipon by the direct impact of a water jet, anne at eee range. .Ina 
“few seconds the openings in the first row of rocks were obstructed by the 
- largest particles of the filler and no significant quantity of filling material _ 
—* be introduced in the ‘space’ behind the first row. In a second test, uni- 
form sand was washed into the rockfill but none of it went beyond the second | 
row, because most of the kinetic energy of the destroyed = 


the jet was passing the first row. 


tim the voids the rocks, more or less vertically downward, and 


unable to perform more of a ‘mechanical action than a heavy rainstorm de- 
‘scending onto the fill. | Hence, as a result of dumping and sluicing, the | grain-— 
, & characteristics of the dike-shaped lift change from relatively fine grained | 


and well graded ‘material at the top to coarser and less well graded material — 


“near the ‘bottom of the lift. Yet even within the top layer the action of the 
- monitor is . far from producing a radical modification of the texture of the =. AF 
‘comparable to the effects of compaction; 
_ Inthe writer’s opinion the most vital benefit of the sluicing operations re- — 
sides in the saturation of the desiccated outer portions of the rock fragments, 7 
oe the corner breakage occurs. - Saturation reduces the compressive 
ee of rock to its minimum value. As a consequence it increases the 
amount of settlement. which occurs prior to the construction of of the concrete 


facing and. reduces the settlement afterwards. 


= 


me — 


ore The weakening influence of saturation on the compressive strength of rock 
_ has been known for many years. The ratio between the strength qy of 


a saturated rock and aq of the dry rock is called the coefficient of vmeatel 
Ns: The data were more than n forty years ago”: 4 


= 0.74 to 0. average, 0 0.8% 88 


Granites from Sweden ad = 16, 500 psi to 200 p psi 35,000 psi 


Crystalline Limestone 


0.04 t0 0. 96; average, 0. 0.90 
t é B li 1912 196. 
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13,590 | Psi, ‘Ns 5 = 0. 
The e preceding figures ref refer to aeuieiiiaeiain sound 1 ‘rock. If the rock is ne 
‘weathered the N, - values are very much smaller. The effects thereof were 
by "he performance of the Cogswell rockfill dam. According 
the > specifications, all rock “was to be ‘sound, hard, durable, angular quar- 
Bed rock, weighing not less than 160 pounds per cu foot (pcf); to be unaffected | 
by air and moisture and of such toughness as to withstand dumping without 
undue shattering or breakdown; and to have a minimum compressive strength 
of 5000 pounds per square in. (psi).” The » rock wa: was granitic gneiss with an 


average compressive strength dg = 6,629 psi. A of value with 


those: for the granites g given in the preceding table suggests. ‘that the rock was 
obably not quite as sound as it looked, 


pr 
On December 31, 1933, when 80% of the rockfill, with an ultimate height of 
.. 250 ft, had been placed, a major storm : swept over the Pacific Ocean which — 
by noon of January 1, 1934, had yielded 15.07 in. of rain at the dam. The 
rainstorm caused an immediate settlement of the crest of the fill by 4% of its 
height (8 of settlement), Subsequent watering through infiltration wells in- 
7 creased the settlement from 4% to 6%. _ The settlement was ascribed to lubri- — 
gation. However it is known? that the wetting of unpolished rock surfaces has 
; 7 no effect on the coefficient of sliding friction of rock on rock. Therefore, ell 
_ Settlement « ‘of the crest of the Cogswell Dam can only be accounted for by a © 
very rapid decrease of the strength of saad rock, produced by the first abundant ; 
a Quantity of V Water Required for Saturation.—If the principal benefit derived 
from sluicing resides in the saturation of the rock fragments, the question 7 
arises how much water is required to effect saturation. No rational procedure © 
_ can be | worked out for determining this quantity. However, the following facts - 


can be used as a guide for judgement. The Cogswell Dam represents a body 


: of rockfill with an average height of 125 ft. The initial settlement of the fill 
: by an amount of 4% of the height of the fill was produced by 15.07 in. = 1.25 ft 
= heel descending onto the fill, which is equal to 1% of the volume of the | 
rockfill. The “quantity of water which was subsequently pumped into the fill 
and increased the settlement from 4% to 6% hardly amounted to more than 10% . 
: = the volume of the fill. The quantity of water which reduced the — | 
fined compressive _strength of -McHenry’s specimens of quartz-mica schist 
from 13,590 psi to 6,400 psi was equal to 0. 3% of the volume of the s} specimens. = 
‘i Therefore it appears that the “volume ratio of water rock of 2: 1” advocated 
by the authors (on Pp. 29 of their paper) is definitely on the conservative side. 
Less than one- -tenth of it would probably be sufficient to produce complete _ 
saturation of the rock fragments even in the event that the fragments were — 
_ placed in an entirely desiccated condition. The balance of the water performs . 
; more or less useful mechanical | work in the thin top layer a of the he lift, but it. 
_ has no influence on the properties of the rockfill in zones b and te wittitnte a 
Compressibility of Rockfills.—The compression characteristics of 
construction materials such as earth or rockfill include the compressibility — 


“Stress for the Failure of Saturated Concrete and Rock,” by K. Terzaghi 
. McHenry. ASTM Proc. , 1945, Vol. 
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of ‘the materials and the time- -lag nonociased: with the the process of compression. | 


_ The compressibility of different construction materials can be compared by 


plotting diagrams such as Fig. 2 _ Showing the relation between the unit load q a 
5 @ layers of the different materials, with thickness equal to unity and the cor- | 


responding total ease of the thickness of the layers during placement 
and after construction. | The | papers ; published in the Symposium, including the 
author’s paper, do not contain any information concerning the compression of 
rockfills during conection. Therefore tl the data plotted ir in are 


= 


Paced 


o observation points and line Bin ‘Fig. 2, represent the relation between 
- unit load and unit compression of the rockfill ‘forming the Bou Hanifia Dam in 
Algeria under loads ranging between small values and a maximum of 7.5 tons | a 
“per sq ft. ‘This dam, with a height of 170 ft, was built during the years 1935 
to 1937. _& consists entirely of what the authors of the paper call “tplaced 
-rockfill.” The rock came from a quarry in sound, hard sandstone and con- =. 
pressor The prevalent size ranged between 2 tons and 7 tons, maximum ; 

size 15 tons. - The rock was placed by derricks in 15-ft lifts. The. derricks: a 
were located on the upper surface of the advancing lifts and the interstices 4 

between the derrick-laid rocks were filled with small stones by native labor. 

The rockfill | had an initial porosity of 26% to 27%. The upper part of the a 
- stream face had a a slope « of 0.8 (horizontal): 1.0 (vertical), the lower part - 


reinforced concrete skin. The downstream slope is 1.3: 


i \ 
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On the center line of the dama cylindrical concrete tower was erected, 


resting on the base of the highest portion of the dam. The walls of the tower 
contained windows spaced about 15- -ft vertically. The lowest one was located 
about 25-ft above the base of the tower. _ Through the windows the elevation of 7 
markers ‘on large blocks of the rockfill adjacent to the tower was | measured | 
_ periodically while the rockfill was being constructed. During visits at the dam > 
site the writer heard off and on a loud report, like a gun shot, coming from 
_ the direction of the rockfill. It suggested the sudden failure of large blocks in 7 a 


; The fill was placed at ee rate of about 42 ft in height per yr. This rateis _ 
_ so slow that the settlement of the fill after construction was very small com-_ 
pared to that during construction. . Therefore the observed compression of the 
P individual layers of the rockfill is almost equal to their ultimate compression. 
JA summary of the results of the observations on the reference points was 
_ published by J. C. Ott. 6 On the basis of these records, curve B in Fig. 2 was 
The results of the individual readings are ‘represented by ‘points. 
Da _ For comparison curves C, D and E were added in Fig. 2. The space be- 
tween curves C and D represents the range of the ultimate compression of —-— 
_ central portion | of the Mammoth Pool Dam on the San Joaquin River in Cali- — 
fornia. This portion | consists of well-compacted weathered granite composed — 
_ of chemically intact granite particles of sand and silt size. The compressi- : 
“ bility data were derived by extrapolation from the results of observations on 
cross-arm installations ‘similar to those which are used by the USBR. About 
_ two-thirds of the compression took place during construction. The diagram 
_ shows that even a placed rockfill is far more compressible than a well-_ 
compacted fill made of what can be considered a granitic silty sand. Onthe _ 
- basis of other similar observations the writer had arrived at the conclusion : 
that a well-compacted sand and gravel fill or compacted rockfill has far more 
desirable mechanical properties than a dumped, or even a “placed” rockfill. ; 
Curve E in Fig. 2 was obtained in connection with the construction of the 
a» Dam in British Columbia, by a confined compression test on crushed > 


basalt with sand-size particles, in an uncompacted state. 


‘By an analysis of the settlement data shown in Fig. 6 of the paper, the 
writer found that the ultimate total compression of the / dumped rockfill form-_ 
> ing the Salt Springs Dam under a load of 6 tons per sq ft is at least 5.5%. In 
— Fig. 2 the point is between curves B and 


associated with the compression of rockfills. lag requires” 
= careful consideration, because it has a decisive influence on the performance 
~ of concrete facings. The time lags associated with the compression of dumped — 
is rockfills are conspicuously disclosed by Fig. 4 of the paper, representing the © 
i three components of the movement of points of the crest of lifts. The writer | 
ag first observed the time lag in the compression of cohesionless aggregates in 7 
1920 in connection with an experimental investigation of the compressibility — 
= of cohesionless sand. The writer’ Ss Fig. 3 shows the gradual increase of the = 
a compression of a layer of loose, clean, cohesionless sand under constant load, — 
after rapid application of the load. 7 The time lag was ascribed to the fact that | 7 


q - 6 “La Construction du Barrage de Bou Hanifia,” > by. J.C. Ott, Algérie Bulletin de la 


> 
— 
compressibility of the dumped rockfill, disclosed by the low positionofSin 
the diagram Fig. 2 is byno means surprising. 


the sand layer in its initial state contains many grains which came to rest 
_ during the process of pouring the sand, in a rather unstable position. When 4 
load is applied they rotate into more stable positions. The movement of every a 
"grain affects the conditions for the equilibrium of all the others, such 


chain reactions inevitably require a considerable amount of time. Since the 
- number of particles in relatively unstable positions decreases with time, eal 


5 i The settlement records shown in Fig. 4 of the authors’ paper start for 

every , point of | observation at some time after the fill was built up to the ele- . 

vation of the point. The history of the compression of the fill prior to this 4 
a time is inevitably unknown. However, the diagrams show that the rate o 
“movement decreases, like that of the sand d layer in Fig. 3, with time. “ere aie 7. 


movement of the points toward the a adjacent advancing could 


| 


4 


jee 


"produce a measurable deformation of the fill. The real reason for the = 5 

zontal component of the movement of the reference points is illustrated in the | 

writer’ s Fig. 4 which represents vertical section through a layer ‘of per-_ 

~ fectly weightless elastic material with a sloping front. Lineabisa straight 

j and vertical line located a short distance behind the upper edge of the slope. a 

i If the unit weight of the material is suttonly increased from Zero to that of a c, 


_rockfill, line a b assumes the shape a'b whereby every point ona b moves 7 


down — and outward toward the slope 
Ina rockfill this process of deformation goes on while slope of 
rockfill advances. The observed down-and-outward movements of points in | 
and on the fill are ‘the inevitable consequence of the time- -lag associated with 
all the deformations of the fill. The author’s Fig. 4 shows that the rate of 


‘compression | of the sand layer represented by the writer’s” decreases» 


j a 
— 
= _—: viously dumped fill downward” (p. 10 of the paper). However the drag exerted | tt is 
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Influence of Height of ‘Lifts on Compression Characteristics of Dumped 
‘Fills. —On account of segregation during the process of dumping, the compres- 
sion characteristics of _dumped rockfills depend at least to on the 
_ multiple- -lift methods of construction are still divided. In order to establish a 
basis for comparison the of of 
eneiniditiamabate of three zones with 
or less distinct grain-size and compression characteristics. The 
_ uppermost zone a contains the smallest particles. Its structure depends on 
the degree of effectiveness of the sluicing operations and may range between 
= loose and fairly well-compacted. The thickness of this layer depends only on 7 
the technique of sluicing and, as a consequence, it is independent of the height , 
7” of the lift. Zone b also contains a considerable percentage of small rock frag- 
-ments, but it is located beyond the range of the mechanical action of the water | 
jets discharged by the monitors. Therefore its structure can be fairly loose. 
: | The thickness of zone b may increase to some extent with increasing height of 
‘the lift. _ Zone c consists chiefly of large rock fragments which have rolled 
_ down the slope. During the process of rolling, sharp corners are likely to be 


due to corner breakage under static load. The corner breakage > dating deposi- 3 

tion i increases with decreasing compressive strength ¢ of the rock. If the rock | 

is very hard it may be slight, and if it is weak, it may be extensive. In any 
: event the amount of corner breakage increases with the increase of the dis- 


through which the rock fragments have rolled down the 


increases with increasing vertical distance: from the crest. 


a: On account of the consequences of segragation, the absence e of significant 
mechanical action of sluicing below the lower boundary of the uppermost part - 


- of each lift and the increase of the beneficial effects of corner breakage in 2 7 ; 
downward direction, every lift represents a system composed of zones with 


different compression characteristics. In a dumped rockfill made out of a 
succession of lifts the compression characteristics of the fill change ‘more o or 7 
less abruptly at the level of the top of each lift, whereas in 1 a rockfill pro produced ; F 
_ by a single fill operation they change more or less gradually from the crest a 7 
q a dam towards its base. _ Therefore the “one-lift” procedure appears to re 


: preferable to the construction of rock fills by multiple dumped lifts. If cor- 
F ner breakage during: deposition is a factor of consequence, on account of — 


a one- -lift rockfill in ad downward direction. Ina | multiple - -lift rockfill no no such 


— 
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In a -lift rockfill, the relatively fine- grained top layer of 


age of fines and if in addition the danipntien of this ane layer is inadequate on 

~ account of deficient sluicing, the increase of the load on ‘the large rock — 

ments forming the base layer of the superimposed lift causes them to sink > 
ey the fine- “grained top layer of the preceding one, and thus produces exces- © 


sive ee of the zone of contact between the two. lifts. _ Such a process ~ 


crest of the 165 foot lift in the Salt Springs Dam, at El. 3800 - According to. : 
9 of the paper the *. quarry method | provided many large rocks but the 


“heavily loaded 6 in. holes. also ‘Produced a substantial amount of fines. 
varied from lates, clean rock just elie a quarry blast to smaller rocks = 
"many fines when cleaning up the quarry.” ” Sluicing was also very inadequate | 

o & _and not available at all points of dumping” (p. 10). Hence all the ooh ar 


of Height on Conditions of Rockfill Dams.—In some 
rey regions the rockfill type of dam is more economical than any other type, and — 


the of the dams called for by civilization 


7 The degree of stability of cohesionless fills is independent of height. ‘The | 
danger that the permeability of a very high rockfill made out of hard, sound 

‘rock such as sound granite, could be reduced by crushing to that of a - fine- 


grained material such as sand does not exist even for 1 dam with a height of 6=sédQ 
_ more than 1000-ft. Therefore the only item of concern inthe constructionof 
-rockfill dams with unprecedented height is the e effect of settlement on con- - 


_ Forthe concrete face rockfill dam ‘maximum settiement of the facing under — 
water load, in a direction at right angles to the upstream slope increases very 
roughly in simple proportion to the square of the height of the dam, because — 

both the water pressure at the elevationof maximum settlement and the thick- 

: ness of the layer subject to compression increase in simple proportion to the 7 
height. _ Therefore the difficulty of adapting the concrete facings to the settle-_ 


ment under water load increases rapidly with increasing height of the dams. 


fill in layers, whereby it acquires the favorable compression characteristics 
compacted sand-and- -gravel fill. If this is done, ‘the height. of rockfill 
dams can be increased Without risk beyond the height of the 


“of the rock f of Observations During and After | Construction. —The large size 
of the rock fragments constituting ‘rockfills precludes ‘the possibility of pre- 
‘dicting the performance of rockfill dams on the basis of the results of labora- _ 
tory tests. Therefore the performance of ‘such dams can be predicted with 
_ some degree of assurance only if reliable records of the performance ‘of 
z similar existing dams are available. Without the information contained in such : 
records the construction of dams with a height exceeding that of their prede- 


lit 1S direct contact wi e largest rock Iragments contained inthe 
lm 
# 
il 
= 
— 
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| 
ey Ol time when the first failure will occur. On account of this fact the practical ee 
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value of the observational data such as those contained in t in th the ‘Paper cai can 


: compression which occurs in the fill before the fill is completed. _ In connec- © 
_ tion with earth dams information of this kind is obtained, more and more fre- 7 
by means of observations on crossarm installations. a rockfill is" 7 
constructed by dumping it is impracticable to measure the settlement of 
reference points after they are buried. _ However, if a rockfill is constructed ; 
placing and compacting in layers the “determination of compression 
mar characteristics becomes | practicable. This has been demonstrated by the suc- 
_ cessful settlement observations on the Bou Hanifia rockfill dam (Curve B a 
- the writer’s Fig. 2. If the precedent established by the builders of this dam 


were followed by others the uncertainties which are still involved in the fore- 


a case of the performance of compacted rockfills would rapidly decrease. bays =| 
_ Conclusions.—The controversial issue involved in the design and construc- | 
_ tion of rockfill dams are the inevitable result 0 of the fact that the consequences 
of operations 's such as s dumping and sluicing cannot be e directly c observed. No-- 
: body has ever seen a cross section through a rockfill, showing the variations 


of grainsize and uniformity \ within the individual lifts, and the determination of 
these variations by boring, sampling and testing are utterly impracticable. a 

Nobody has ever seen the migration of solid particles within the range of ac- : 

tion of the jets discharged by the monitors. Also unknown are the relation-_ 
ships between increase in unit load and the corresponding compression of ? 

layers of -rockfill during construction. Therefore the few observational data | 

_ which are available leave a wide margin for interpretation. The reasoning set 


forth in the discussion led the writer to the following conclusions: 


= of homogeneity | of a ery rockfill can be increased only Be 
percentage of fines which are admitted into ‘the fill. 
ae mechanical action of sluicing is strictly limited to the uppermost > 
layer of | the fill, where the jet ‘Strikes t the slope at an angle of more than 20° _ 
or 30°, and the thickness of this layer is obviously independent of the height of 
the fill. Below this layer the water merely nae from void to void with- 
transporting a significant quantity of solids. eis 
3) The principal function of the sluicing operations consists in the satura- 7 
‘tion of the desiccated portions of the rock fragments, which reduces their — 
- compressive strength to a minimum value. The volume of water required to 
achieve saturation is very much smaller than the quantity commonly used, 
which is_ equal to twice or three’ times the volume of the rock. The useful 
; function of the balance of the water is strictly limited to the uppermost layer 
* the fill, where the jets strike the slope at an angle of more than 20° or 30°. 
4) On account of segregation during dumping and the sh shallowness of the — 
. 4 zone (a in Fig. 1) significantly affected by the compacting action of the water 
jets discharged by the monitors, every lift represents a layered system com- 4 
of horizontal 1 layers with with more or different charac- 
s 5) In a multiple- -lift dumped rockfill the top surface of every lift al 


a sharp — between two layers of rockfill with different ee 


The greatest uncertainties involved in the forecast of the performance of 
 yockfill dams grow out of the absence of information concerning the amount of 
a 
4 
q 
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sation whoreby the average cize of the fraoments and the of yniformity 
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‘ieeends: Therefore the construction of rockfill dams in a single « wete- ia 

tion deserves the preference over construction in several lifts. The one- -lift: 
7 operation has the further advantage that the beneficial effects of corner break- | 
| during the process of deposition increase from the uppermost portion 
the rockfili in a do wnslope direction. The water load on the concrete facing 

increases in the same direction. Therefore the beneficial effects of corner 


* 6) Dumped rockfill is far 1 ‘more compressible ‘than rockfill compacted in 
layers. _ As the height of rockfill dams is increased the detrimental effects of 
high compressibility increase with the square of the height. Hence for the | 
‘construction of very high rockfill dams the compaction of rockfill in layers is a 
preferabletodumping, 
9) It is impracticable to determine the significant properties of — 
by laboratory tests. — These properties can only be deduced from their ob- 
served manifestations in the field. Therefore in connection with rockfill cams 
reliable records of the performance of existing dams, like those contained in | 
_ the paper, are a prerequisite for reducing the hazards involved in the con- 


struction of dams with unprecedented height. = er 


_ In conclusion, the writer wishes to express to the authors his gratitude for 
the: wealth of valuable information which they have placed at the disposal of 
the engineering profession. The ; authors may disagree with many of the state- 
ments contained in this discussion, but if the comments succeed in demon- 
'Strating the controversial nature of many of the fime- honored concepts 


volved in the design and and construction of rockfill dams, they will have fully 


C. STEELE* and J. C. COOKE,” F. ASCE.—A very significant contribu- 
- tion to our profession has been made by Mr. Terzaghi in his discussion of the ; 
basic mechanics of rockfills and in his emphasizing the seriousness and im- a 
_ portance of taking careful measurements of all high rockfill dams and of pre- _ 


senting them ‘comprehensively. 
wil Though some interpretation and discussion of the e performance of the ogi 


Springs and Lower Bear River rockfills was included in the writers’ paper, 
the conclusion states: “the value of this paper is considered to b be in the : 
be - reasonably complete presentation of facts, from which the reader can draw 

his own conclusions. os The paper was confined to the specific dumped rockfill 
dams. Mr. Terzaghi’s discussion develops thinking on the theory and nature 
gq he of sluicing and of the mechanics of rockfills both dumped and compacted in 
, Mr. Terzaghi suggests that ‘ “the authors may disagree with many of the 
etantiatn contained in this discussion, but if the comments succeeded in 7 7 a 
the controversial nature many of the time honored 


Terzaghi, agree and have learned ‘something from them. 
as will be seen in the following reply to his discussion the writers give a dif- 4 


ferent emphasis to the importance and/or economics of some of those princi 


1 Cons. Engr., San Francisco, Calif. 


2 Superyv. | Civ. Engr., Pacific Gas and El Elec. ‘San Francisco, 
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_ served their purpose.” His discussion is of specific value far bevond that 
— 
— 


was directed toward theory and toward understanding that would lead to be _ 

Effects of Sluicing.—From the standpoint of mechanical rearrangement of 
- particles i in the dumped fill, sluicing i is ; considered unnecessary i ina rock- B 


_— fines and spalls. ‘It i is s agreed that the mechanical effect of sluicing is confined 
to excavating surface areas of fines in the upper zone of the dumped slope vo 
"washing the fines into the voids and by scattering the spalls and fines into sur- 
face ‘pockets, the probability of obtaining s “structural contacts between the 
larger rocks is increased. "The operation, even with continuous effort and 
supervision, is not perfect and some pockets of fines and spalls will remain 
as tolerable imperfections in the structural rockfill. In the lower zones of the — 
= dumped fill the segregation results in large clean rock and sluicing in those ~ 
i zones is not necessary. An example of a very satisfactory 140-ft high dam 
of clean unsluiced granite rock is Fordyce Dam. 


tial amount of large rock. If the texture of the upper zone of the sloped sur- 
a face of the dumped fill is such that the monitors cannot maintain a surface of 
reasonably clean rock, and if surface s slides of small rock and fines occur to 
ei such materials out of effective range of the monitor, either of two things — 
has occurred: (1) too many loads of fines have been accepted and waste of — 
loads of small rock is necessary; or (2) the rock is generally of such small 
particle size that is should have been compacted in layers. The — 
z rockfill | of small rock would be better than a dumped rockfill of large rock, — 
but it would cost more. The writers agree with the statement, “yet even within — 
the top layer the action of the monitor is far from producing a radical modifi-- 


cation of the texture of the fill, comparable to the effects of compaction.” | ] 
uA Mr. Terzaghi states, “In the writers’ opinion the most vital benefit of th 
- sluicing operations resides in the saturation of the desiccated outer postions 
- of the rock fragments, where the corner breakage occurs.” This is an inter- 4 
"esting point and perhaps should be given particular attention where there may 
be a question of competence of the rock for a rockfill. For the fills of on 
large rocks of waren granites the mechanical action of sluicing has 
: 


that. the magnitude of these factors in 
during construction is not known. Even if there was no benefit from “soften- 
ing” of the rock edges it is considered that mechanical sluicing is essential in © 
‘The component amounts of settlement that can be attributed to the various is 
actions of the rain and post construction jetting of the rockfill in Cogswell a ; 
Dam are, of course, not known. Mr. . Terzaghi attributes a major part to the - 
decrease in “strength of the rock due to saturation. For the relatively low 
strength rock (6600 psi) that may well be a significant factor. For Cogswell _ 
- Dam the specifications prohibited sluicing and limited lifts to 25-ft heights. — 
Certainly the softening of the unsluiced and uncompacted pockets of fines and 7 
of the layer of fines at the top of each 25-ft lift would have contributed to the 
- eetomen. . The large rock on top of each lift surface of fines would tend to 


would yield and wash away due to the saturation and water action. 


Stace breakage along weak cleavage planes of the granite gneiss rocks 
during this period of rapid settlement of rockfill may have been a contributing 
te 


It is agreed that lubrication: should not a 


| 
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“the principal benefit derived from sluicing resides in the saturation of the | 
4 rock fragments, the question ar arises how much water is required to effect 
‘saturation. The answer appears to be, very little. A further question would | 
be, how might the water most effectively be applied? © It would seem that the pe 
_ application of substantial water at the point of dumping would be very effective 
‘in keeping the fill wet and humid for the full height under er the ‘point of dump- 
ing, where the loading is increasing and maximum movements in the fill would be 
be taking place. Thus the conventional sluicing practice would serve to keep» 
+ substantial and important zone of rock in a moistened condition during con- 
struction. In addition, if it were decided that maintaining saturation during 
eae were of primary importance, should not the specification require | 
‘spraying the surface of the rockfill, or perhaps” the loose rock in 
As noted in the paper, sluicing at a water-rock ratio of 2:1 cost 4.6 cents — 
- per cu yd of rock in the dam, and decreases or increases 0.4 cents per cu yd 
for changes to 1:1 or 3: For the small incremental cost a substantial amount 
water seems appropriate. A 2:1 requirement is practicably satisfied by 
monitors with 2.5 to 3 in. nozzles operated at 70 to 100 psi at points of dump- 
ing. Such jets are effective in excavating : and in — a 
Compressibility of Rockfills. .—Construction data similar to that 
- for the 170-ft high Bon Hanifia Dam of placed rock is available for the 124-ft _ 
high Quioch Dam of rockfill compacted in layers. - The basic data is in Paper 
R.6 of the Sixth International Congress on Large Dams and reference to 
Quioch is made by Mr. C. M. Roberts and the writers in Proceedings Paper _ 
- No. 2328 (December, 1959). The Quioch dam was compacted in 2-ft — 
had very little settlement during construction and zero crest movement upon 


the filling of the reservoir. - This is a well documented a substantiating 
Mr. Terzaghi’s confidence in rolled rockfills. 


. It is the writers’ opinion that a good dumped fill is as good or better than — 


- rock. From comparison of settlement of P. G. and E. Company dumped | 
- fill dams with French, Algerian and Russian placed-rock dams, the dumped- - 
-rockfill post-construction settlement is less. Apparently the impact contacts aa 
of the dumped rock are more competent than the gentle placement contacts of - 

the placed rock. This has been a factor in the reduced thickness of placed 


«4 rock in the most recent P. G. and E. Company dams. The 5.5% figure used in 
“Fig. 2 for Salt Springs Dam is an approximate figure and the Bon Hanifia ; 
figures, though carefully obtained, are for one dam only. It is believed that 
Fig. 2 could be interpreted to indicate that the unit compressions of placed | 


dumped rock are comparable and are substantially more than that of ma- 


‘kane rockfill compacted in layers will have a lower coefficient of settle- | 


= writers’ ’ closure ~ No. 2328) to con- 
crete face dams of 174, 150 and 144 ft height constructed to sluiced rock | 
dumped from high lifts that settled only 0.3 ft at the crest upon reservoir fill- 
ing and have given excellent performance. There are many successful 300 to — 
400 ft high rockfill dams of dumped rockfill. The writers visualize the im- 
portance of rockfill compacted in layers to be (1) in ‘utilizing rock of too small 
#: a size for a dumped rockfill and (2) inas specified structural zone or zones in " 


dams exceeding about 400-ft height. odin 
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a The writers would like to correct the statement under the heading “Dumped 
Rockfill: Settleme nt During Dumping” ” in accordance with Mr. Terzaghi’ 


- comments. The dumping of single loads would, of course, have little effect | 
other than near the surface. The surface slides, referred to in discussion of 


‘but would still affect the basic movement of the fill to only a nominal ‘distance 
the surface. Mr. Terzaghi’s 4 demonstrates the movement 


characteristic regardless of how the fill was put together. further sup- 


ee... Placed rock dams of Electricite de France have bulged in the lower por- 
tion of the downstream face. This has been measured and also is visibly ap 

_ parent in bulging and cracking in the previously smooth placed rock surface. 2 
Measurements on the lower portion the downstream face of Court- 
Dam before 

greater than the downward component. Also, ‘measurements on 1 the lower por- a 
tion of the upstream face of Wishon and Courtright L Dams 3 during construction 
er Fig. 4 o of the paper is useful in taieante to illustrate another aspect of set- a 
tlement of a dumped rockfill: that the lateral, cross-canyon, movement is 


greater i in direction to” that of dumping the is re- 


Bs pts is a maximum in the direction of a line down the dumped — 
slope. The contacts of the rocks in a line down the > dumped face would ol 
tend to be the most competent contacts. However, looking» at _ settlement 
points (3) and (4) itis seen that their direction of lateral movement changes be 
_ when the dumping berm of the 185 ft fill was about 200 ft away. At this time 7 
; the dumped slope appears to have lost its influence on settlement at points (3) 
and (4) and the ‘downward settlement is ‘accompanied by a lateral readjustment 


e the dumped slope. The action would be similar for the lateral movement ool 
= readjustments in the fill while the water load is directly causing vertical © 

_ Influence of Height of Lifts on ‘Compression Characteristics “of Dumped 
Fills.-The writers agree in principle with Mr. Terzaghi’s description —- 

— conclusions regarding heights o of lift and segregation. _ Experience with rock-— 
7 “fills 3 quarried from massive granite and containing a ‘number of 15 to 25 ton 
» rocks has been that segregation is not pronounced. Though the fines stay at | 
_ the top, and the toe consists of large clean rock, many large rocks come to. 
rest on the dumped slope as noted in the paper, “Fig. 12 shows the character | 

a the rockfill. Note that though large rocks segregate near the toe, there are 

Many that remain in the upper portion of the lift.” 
‘The writers tend to prefer reasonably high lifts for structural and econom- —_ 


, = In very high lifts of 200 to 300 ft the lateral movements due to unequal 
Riacocewvegeonorses compaction, as discussed above in connection with Fig. 4 of the | 
_ paper, require consideration. As noted, in the closure to the paper, “The fac- 
tual data on construction and settlement presented in this symposium and | | 

“i the future will tend to provide a better answer | to t os question of the effect of 


— 
— 
ae 
Dams thee construction was from one abutment, and the 
lateral movement of all points was opposite to the direction of dumping rock 
| 
ake 
— 
By 


1960 
r “height of lift on settlement of a completed dam, and also t to the question of the 
“relative settlement of a rockfill constructed in layers against one con- 
. os The lift surface at Salt Springs were not well cleaned up and many fines ~ 
, % had accumulated due to the high lifts. The diagnosis of the causes of trouble 
at El. 3800 by Mr. Terzaghi is the same as that of the writer. _ The conditions © 
of many low lifts, no cleanup, and no sluicing at Cogswell Dam are all factors | 
_ that probably made this a contributing factor to the severe : settlement of 
Cogswell Dam, as caused by heavy rainfall. ‘This weakness is considered to 7 
be reduced to a point of no significance by application of the following extract 


the specification for ~Wishon Dam: “In order to provide good rock 


tractor ‘shall scarify, sluice, ‘and otherwise | prepare tops ‘of completed lifts, 
before the succeeding lift is constructed, in order to obtain a rough exposed 7 
surface that is free of fines and that contains 3 only ‘reasonably clean rocks.” 
However, lift surfaces are specified to be at a horizontal joint which is made - 
_ “soft” to permit some closing. In Proceedings Paper 1746, Fig. 7 and the text | 
on Fig. 7 illustrates and describes lift surface treatment at Wishon Dam. > 


Influence of Height on Equilibrium Conditions of Rockfill Dams .—It is con- - 
sidered that rockfill dams can be constructed essentially to as great heights — 
7 as other types of dam, with development in reasonable steps and with the S 
of full knowledge of all predecessor dams. The design problem is: agreed to to ‘ 
The maximum settlement of the concrete face under water load would i 
7 _ exactly in proportion to the square of the height if the modulus or compressi-_ 4g 


: bility of the rockfill were the same for the different magnitudes of loading on 


suming identical rock, the change in height would change the initial compaction 

and stresses upon which the water load is is superimposed. Certainly the modu- — 
s of the rockfill will vary in ‘some manner with the different water loads and — 

different existing stress conditions in the rockfill. The modulus would further _ 


the: rockfills of different compaction and of different existing stresses. As- 


be different and would vary differently for different rocks and different grad- 
ing of rocks. . Based on ‘records of dumped and sluiced -rockfills of granitic 
rock, Fig. 22 indicates that the maximum settlement at right angles to the up- 
_ stream slope for the dams of 220 to 360-ft height is proportional to height to. : 
the 2.1 power. “Assuming” that the modulus of rockfill as stressed in a 450-— . 
ft high dam is the same as that for the lower er dams, a 450-ft-high dam of well- 
 gsluiced granite would have an estimated ‘settlement of about 9.2 ft., as deter- 
mined in Fig. 22. The lower 135-ft dam is disregarded since the modulus — 


—_ to be high for the relatively small water load. The very smail a. 


7 layers are used whee the rock sizes are e predominantly | small, and in the 
highest core- -rockfill dams in zones adjacent to the transition - - - the pri- | 
: mary value of the compaction experience (at Quoich Dam) is inits possible . 
application to. zones adjacent to the cores of core-rockfill dams of major or 
Ee height - - the effective use of vibration equipment on rockfills | 


is of particular interest.” ef |The zones adjacent to the transition were visualized | a 


the core to take load from the « core » with minimum n yielding and to have mini- 2 
mum settlement, and (2) a smaller upstream zone of minimum settlement and 
of rockfill with small voids. a Outside of the e required ired compacted zones s dumped 


q 
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q 
| 
— 
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the writers’ closure in Proceedings Paper No. 2328 comments regarding 
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rockfill of large rock : should be satisfactory ~" economic. 
portion: of the rockfill shell dumped fill of large be preferred to 
"LU 
To re-phrase and amplify t the comment in the writers’ closure, and inte- 
- grate the various ‘comments of Mr. Terzaghi, the following might | be said: 
a rockfill compacted in layers is considered appropriate in a substantial one 
: “es, or zones adjacent to the filters of a core-rockfill dam of unprecedented height — 
in: reer ‘tt: (1) have known composition and properties in the most important 
Es structural portion of the dam, (2) take the load from the core with minimum 
i yielding, (3) have minimum ‘settlement, and (4) provide a zone of known and 
small size voids adjacent to the transitions. _The prudent thickness of core 
Importance of Observations During and After Construction. —Continued ef- 
_ fort to investigate and understand dumped and compacted rockfills is neces-— 
4 sary to” assure the safe and economic construction of rockfill dams of maxi-— 
mum and of ever increasing height. As carefully and strongly pointed out by E> 
_ Mr. Terzaghi, information from performance records during and after eee 


eS struction is of — to the ‘designer c of dams of maximum or 


a 


DAMS: REVIEW AND STATISTICS* 


a 


"Closure by John B. ‘snethlage, Scheidenhelm 


Arthur N. Vanderlip « Mie 
— 


paper, trom had expected, however, some comment 
and suggestions regarding their definition of what constitutes a rockfill dam, 
as distinguished from dams in which earth is used in conjunction with r rock- 
«fill. _ Thus, until further developed by others, the | writers | assume that their 


- definition has been acceptable to the engineering profession, , to wit: | 
A rockfill dam is one of which at least half the material in a max —, 


cross-section is comprised of loose rock placed by dumping. © 
_ Mr. Lawton objects to the use of the name “deck” for the impervious cover 


of a rockfill and suggests that ‘it be named “ membrane. .” The word “deck” — 
selected from a series of names, all applicable (including membrane), as 
_used at various times by others. It seemed that the word “deck” was the most © 
; suitable and had, moreover, the appeal of brevity; they would like to retain it. ‘ 
However, should it appear in future dam literature that engineers, who 
- actually work with this type of dam, find a —— name than “deck,” the 
writers will be glad to agree to substitution, j= 
As a result of further research and particularly due to additional informa- 
tion received from abroad, the writers feel that the statistical listing of dams ‘a 
_ should be reprinted in its entirety, rather than only the somewhat voluminous 
additions. — . For clarity of understanding, the > explanatory notes are 
reproduced here in slightly abbreviated form. ‘= ey: 
REV 


REVISED LISTING AND STATISTICS OF ROCKFILL DAMS y 


| 
“The following is in explanation of the tabulation: - = 


_ Names of dams are those presently used by the owners. _— om 


‘Streams and dam locations, by State or Country, are shown. Abbreviations, 
~ such as S.F., M.F., etc., , preceding the name of a stream, indicate South Fork, = 


“Middle Fork, etc., “of that stream. 
Dams under “construction are indicated by “u.c. In some cases, the con- 
struction of dams so designated may actually have been completed. 
Proposed dams have been omitted, because published data are generally 


ecees and in some cases are hae entirely. In this respect, due to = 


huguat, 1958, by F. W. Scheidenhelm, and Arthur N., 
1 Cons, Engr., 50 Church St., New York, N. Y. 
2 Cons. Engr., deceased Oct. 17, 1959. NY. 
s Cons. Engr., al Church St., New York, 
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BULL CORRAL 


‘a CAGLES MILL 


-CEDARCLIFF 


CHATWORTH PARK 


CHRISTIAN VA LLEY 


LEAR LAKE 


RIVER” 


LE GORGE 


‘GLASIER LAKE 


NECK 

CANYON 


INLAND 


LAKE FORDYCE 


river (creek 
where stated) 


Rio Bonito 


1927 
Idaho 


1958 
M. F., Kentucky Kentucky 


‘Bucks Creek 
Huerfano C reek 
Mill Creek 


a" 


E. F., -Tuckasegee 


S.F., McKenzie 
Helms Creek é 


o 


NF. .F., , San » Joaquin a 


Cucharas 
i 
Columbia ; 


Colorado 
olora 


Drew Creek 
Green ‘ 


East Canyon Cree! 


N 


Fish Lake 


E.F. , Tuckasegee 


Fourmile Creek 


Rock Creek 


F., South 


Verde 
Warrior 
Calif. 
1926 


&.F., BishopCr. | cali. | 0. 5 = 


- — 
Name of dam 


WOHLFORD 


LOWER BEAR RIV. #1 


_ LOWER BEAR RIV, #2 


GOMERY 


MUD MOUNTAIN | 
NANTAHALA 


PARA DIS E 

PELTON REGULATION 
PENROSE-ROSEMONT 


river (creek 
where stated) 


ear 
of comple-— 


tion 


San Elijo Creek 

North Umpqua 


Coyote Creek 


Sipsey Fork of 
Warrior 


M.F., South Platte 


Calif. 


Oregon 


Col, 


PLEASANT VALLEY 
QUEENS CREEK 


Leevining Creek 
| 
M.F., Bishop Cr. 
Leevining Creek 


SABRINA LAKE _ 

SADDLE BAG 
» 


N.F., 


SANGABRIEL#1 


San Gabriel 


‘SAWMILL LAKE Canyon Creek 


PAR! 
‘SMITH 


STRAWBERRY S.F., Stanislaus 


Sly Park Creek 


K 


Birch Creek 
E.F., Tuckasegee 


Naugatuck 


Bucks Creek 
Leevining Creek 


1,1,1.0 
WOLFCREEK Wolf Creek Cc. 22 | 


bil 
Cr 4954 | 0.75;0.75 | 2.5 
ont 


Nameofdam infeet where stated) 


- 


— 


AMBUKLAO 


CARITAYA 


Chuviscar 


CODELAGO 


COOBY CREEK 

CUARENTA 


comple- 


Norway 


Australia 
1956 


Mexico 
Mexico 


“CLENBAWN 


ac 
Germany 
Australia 


GUADALUPE Papigochic 


HANABANILLA 
HARSPRANGET rECEr | Stora Lule 
165 | 
Ar Henne 
Kizil Irmak 
263 
-HUICHAPAN 
174 
Qued Agrioun 


-ISHIBUCHI 


Hanabanilla ¢ Cr. 


Mexico 
‘Mexico 


1943 


Venezuela 
Sweden 
1957 


Mexico 


ee 


* 


WAWemr | Aura 52.0) 1.38 | 1,38 
S| | Desroches ps; - | — 


Name of dam 


height, 


MIBORO 


MIGUEL 


OUED-KEBIR- 


PARRAL 


PENA “PENA BLANCA 


ate PERSEVERANCE 


PINZANES 


Rocky VALLEY 


ILDEFONSO 


4 

al 
2. 


TAXHIMAY 


fe 


ZUCUIRAN 


i river (creek 
where stated) 


Lokvarka Cr. | Yugoslavia | 


“1008 
Japan 
Peru 

"1936 
New Zealand 
Australia 
Australia 


Corella 


Japan 
u.c, 


> 


Mexico 
| Australia 
Lille 
Oued 


Mexico 
1981 

Sado 


Mexico 


Perseverance Cr. Australia 


Loch Quoich 
East Kiewa 


Australia 


Prieto | Mexico 
1942, 


Mexico 


Yugoslavia 
1955 


Tasmania 


T 


Mexico 
«1954 


Rotgulden cr. Austria 


5 


Es 
Daler 
pile 

| bets 


“a 
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stages of planning not — to the authors, “some 0 of the omissions may n 
Dams which have fa failed have not been listed. - — 
Slopes of upstream and downstream faces are “shown. The 
the ratios which the horizontal component o ofa given slope 
_- Where different slopes occur on the same face, such are listed in sequence - Ls 
_ from | bottom to top of dam, , Separated by commas, without details astothe 


at which the occurs. 


an the major ‘rockfill or fills. . Ih ‘the cases of central earth c cores, , the: up- a 
stream earth slopes are stated first; then following the semi - -colon the 


ifs For central | core-walls (other t than earth) the sides of which are aes = 
or nearly so, the interior slopes are indicated with a single figure, 0.0.” 
have been disregarded, except as affecting the average slopes. 

J Height of dam is aimed to be the height in feet of the | Cross - section, at the 
— ‘section of dam, as defined in the original paper. _ This has not al- 
_ ways been possible, due to absence of cross- -sections in the available descrip- _ 
tions; ; in such cases the reported height was used. 
& i Type of dam and form of construction are indicated by means of symbols. 
Capital letters are used for the materials constituting the parts, 


small letters are used for other other ‘materials, as follows: 


Portland concrete porous Portland cement concrete 


Rolledearth rubble (ary) 
= Masonry se set in Portland 


ee sequence of the symbols, from left to right, conforms to the se sequence a 
of the materials of the dam from upstream to downstream. Thus, by way 0 


f 


an asphaltic c concrete deck 
‘CMr—indicates a Portland — concrete deck, with rubble masonry, on 

2 2 a central earth- of rockfilldam. § 

For Portland cement decks, no differentiation is made as between decks of 


various forms , such as the laminated, sliding, continuous or ‘Panel f forms of 


In the cases of dams of the earth-deck type, differentiation between the 
; relatively thin, earth | decks and those which are relatively thick seemed ap- t- 
propriate. _ Both being indicated by the symbol “Er,” such differentiation is ? 
_ effected by the addition of an asterisk where the dam is of the relatively thin, — 

earth-deck (sloping - core) type; thus-Er*, 
4 _ Acknowledgements. .—For corrections and additional data, the authors wish a 
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‘ROCKFILL DAMS: WISHON 
CONCRETE FACE. DAMS 


— 1 Hon. . M. ASCE. —Mr. Cooke’: Ss | paper on the Wishon and 

4 Courtright Dams is an outstanding contribution to the symposium because it | 

contains a vast amount of specific and reliable information concerning ex- 

F pertly designed and constructed rockfill dams. The following discussion will 
be limited to the topic illustrated by Fig. 3 of the paper. The figure illus- _ 
trates three stages in the _ development of the design of the cutoff for rockfill 


on a rock foundation. The development took place during a period of 


‘In order to establish a rational basis for comparing the relative merits of © 


the three types of design shown in the aforementioned Fig. 3, the functions of 

: 7 the cutoff must be considered. These are illustrated by the writer’s Fig. 1 _ 
- representing an idealized vertical section through a jointed rock and a con- 7 
crete « cutoff. The rock is assumed to o contain t three sets of joints cpap om a 


_ each other at right angles. In 1 each set the spacing of the joints is D and the | 


- If the concrete cutoff is not supplemented by a grout curtain the water 
would enter the joint system at a and discharge into the base of the rockfill at — 
_b. At b the roof of each horizontal joint is acted upon by the seepage pressure 
of the percolating water which tends to lift the blocks located between the — 
joints off their ‘seat. ‘This danger | can be eliminated completely by 
covering the exit area b with a graded transition layer. . If the size of the — | 
ticles resting directly on the rock surface is equal to or smaller than the size 4 
_ of the blocks between joints, the blocks between joints cannot rise. | Therefore 
the cutoff serves only the purpose of of reducing the seepage losses to > tolera- : 
value. 
- cxlinnontion to the laws of the laminar flow of water through a slit- -shaped © 
ea with a width b (in cm) the quantity q of water which flows through the 


= coefficient of viscosity of the water. 


sets of joints at right angles to the third o one. The rate of seepage GA through 
= a portion A of a section parallel to this third set is equal to the rate of see- 


page per unit of breadth of the joints crossing | the area multiplied by the the 


t a “The water percolates through the joint ‘system s shown in Fig. 1 through oa 


August, 1958, by J. Barry Cooke. 
1 Prof. Civ. Engrg., Div. of Engrg. Sciences, Harvard antes Cambridge, Mass, iat 


— 
— 
— © 
al 
eae 
— 
| = 
— 
4 
a 
_ 
wh 


‘February, 


‘total length Na of the lines of intersection between area A and t the joints. If 
A has the shape | ofa square Bx B, Therefore the seepage 
through area A is 


ug! 


Ga =4- = x = ki BS 

‘The coefficient | 4 


coefficient of permeability of the jointed rock. Substituting 


+a. 


w= 1 gm/cm? and my = x 10 sec per of water at 


(em per sec) = 1.44 x 104 


: The coefficient of permeability k awe pes sec) of a sand with an effective 
= 80 d2. the all 
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10 cm (=D), the rock has the of a ‘sand with an grainsize 
a : 0.004 cm which is that of a fine, silty sand. If k is known the loss of water 
by seepage through a jointed rock around a cutoff, unsupplemented by a grout | 
curtain, can be computed as if the cutoff has been established ‘in a sand with 
accurate evaluation of k, Eq. 1, is but diss unnecessary. 
The spacing D contained in the equation can be assumed equal to the average 
length: of the intact core sections recovered from diamond drillholes. Infor - 
; mation concerning the width t of the joints is obtained from visual inspection — 
of rock outcrops. Noticeable water loss from drill holes indicates the 
presence of joints which are so wide that they can reliably be grouted. | io “eee 
Beneath valleys cut into bedrock the average spacing D between 


the surface. This is the result of the stress relaxation associated with the - 
moval, by ‘erosion, of the rock which > formerly occupied the valley. Below a a 
depth of 100 ft. to 200 ft most of the joints are likely to be closed. _ However 

- within a depth of 10 or 20 ft both D and t can safely be assumed to be inde-- 
pendent of depth, unless the boring records” indicate a conspicuous derivation 7 
so Returning to the cutoff, it has been shown at the outset that the sole pur- 
pose of a cutoff along the lower edge of the upstream face of a rockfill dam 
consists in | reducing the | loss of water due to percolation through the joints of 

the rock to a value. In order to it at a minimum ex- 


Sound rock, joints narrower than 0.1 mm, 


‘Sound rock with weathered top layer. 


eal joints are wider than 0.1 (case a) the ‘rock can reliably 
: -grouted. In this case the most economical procedure for intercepting the flow 
ee of seepage would be to eliminate the concrete cutoff, B in Fig. 1, to establish 
_ the foot wall A on the cleaned surface of the sound rock and to grout the rock _ 
; beneath the wall - In order to increase the pressure under which the grout can © 


safely be forced into the joints the wall could be anchored to its base by rock a 
bolts. . Blasting a cutoff trench and backfilling it with concrete would be befar 
4 


more expensive and the blasting operations may | even damage the rock. 
»- If the joints in sound rock are narrower than 0.1 mm cement grout does a 
i enter them. In this case a cutoff wall to depth L, as shown in Fig. 1, re- 
Ses the loss of water by increasing the length of the path of percolation by 
- 2 L. However the theory of seepage through permeable materials shows that 


a cutoff witha depth L has no more effect on the loss of water than a blanket — 7 
with a width 2L. Hence the beneficial effects of the cutoff can also be ob- = 


_ tained, at a lesser expense, by. covering the rock surface on the upstream side 
of the foot wall A, to a distance 2 L from the wall with an impervious blanket. a 
_ In order to plug those among the joints at depths which are wid wider than 0. 1t mm + 


the rock the wall A, Fig. 1, be 


4 1effective grainsize 
| — 
ia 
j 
| 
14 
must be made between three principal categories ofrock: 
— 
a 
ie 
eels 
an. or ae 


or or wherever, the uppermost layer of the rock is weathered, a 


trench should be excavated to the depth to which it can be done without blast- = 


ing and backfilled with concrete. . Below this depth the rock should be grouted. 


Experience has shown that the width of the joints is greatest atthe 


between the sound and the weathered rock. Therefore grouting can be ex- 


- Considering the facts set forth in the preceding paragraphs it is is rather 
difficult to understand how the brutal practice of blasting a cutoff trench out . 
of sound rock came into existence. It may be a vestige of the days whenthe _ 


technique of rock grouting was still unknown. 


eat m 


* 


_ 
— 
| 


‘Closure by Walter J. Weyermann 


WALTER J _WEYERMANN, 1 F. ASCE. ~The thanks Messrs. Elston 
“and Lawton for their contribution to the discussion of this paper. It was very 


agreeable to : read that the paper or on the foundation treatment of the aoe 
Dam met withsuchaninterest. 
As Mr. Elston points out, dams with simple foundation conditions have al- a 
ready been built, and there remain now to be constructed those with rather — - 
a ‘complicated conditions. . The author thinks this to be the reason n why nowadays — 
every dam project requires” the collaboration of engineers with special train- a 
Mr. Lawton suggests two other solutions which in his opinion might 
_ done for the foundation of Paradela Dam. It would appear, he says, that one — 
aa effective means of stopping grout leakage at the base of the rockfill would 
be the placement of grout covering the desired area with a grout | blanket of | 


to warrant a reasonable distribution of the grout, as compared with the direct 
filling of voids with concrete at the base of the placed‘rock. Especially at the — 
two hillsides a reasonable distribution of grout seems very improbable. ee if 
___ Besides, the concrete filling of voids is 5 cheaper than the pumping- not 


By his second suggestion Mr. Lawton asks the writer to o comment o on the 
relative cost of the grout curtain carried out from the gallery in the concrete 

cut off as compared with one carried out inthe open. 

The comparison has to b be focussed from two vi view points: 


s ee disadvantages of not having a a gallery in the | concrete cut 


eS thickness. But the writer thinks it would have been | far more difficult ; 


From the economical ‘point of view Mr. Lawton is fully right, 

grout curtain carried out in the open would have cost $280'000 - less than the ~ 
project with a gallery. This figure includes the economy in rock excavation 


_ for the gallery and the increased expenses of longer grout holes drilled ho 
_ But Mr. Lawton himself points out that it is difficult to detect and stop 


= leakage at the base of the rockfill. Obviously it tis even n more difficult to 7 


7 detect and stop water leakage when filling the reservoir. re sa) 
During the ‘initial Storage a the 4 loss of growing importance ‘meas- 


August, 1958, by Walter J. Weyermann. 
1 Civ. Swissboring Overseas Corp., Ltd., Zu uri ch, ‘Switzerland. land, 
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as 
— 1960 
i. have been aroused by a leakage of saved tanteetn of liters per second if 


there had not existed those checking means, as pointed out in the paper; a gal- : 
lery in the cut off, with an extraordinarily large number of seepage control 


Z hae holes. Had there not been this gallery, probably the leakage would have been _ 


considered as due to a defective foundation, and logically the reservoir would 
not have been allowed to reach a high level. If the Hidro-Eléctrica do Cavado 
had not made full use of the first filling, this company would have had a deficit | 
placement of approximately 100'°000'000 kwhek q 
When the reservoir was empty after that first energy producing season, the — 
deductions proved to be reinforced concrete of the dam had 
a Most interesting were the observations made during the second filling 
: he Paradela reservoir in spring, 1959. The level went up to El. 741.00 and in 
es of the repairs in the reinforced concrete facing, a leakage of about 3'000_ 
liters per sec appeared now at the heel of the rockfill. But thanks again to the 
gallery in the concrete cut off, it was absolutely certain that the foundation of 
7 the dam remained in perfect condition, that is, once more the leakage was due 
to cracks of the reinforced concrete —— — 


The discharges of the ‘seepage control holes were carefully measured and 
recorded, and the graphs of the second storage proved to be similar to those 

of the first filling. It could be concluded that there would be no danger with ~ 

- the full charge of the reservoir, and once more the company could increase its 


output by | about 100'000'000 kwh that would have been lost if there had not oul — 


-_ Modern dams are often projected with impressing height in spite of diffi- 7 


cult foundation conditions. Every | engineer should feel that such 
are safe if is provision made fc for an control of theil 
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PASSAGE OF YOUNG FISH THROUGH ‘TURBINES? 


‘MUIR, 1 F. ASCE.—It is. gratifying to that of Engi- 
neers has engaged the Allis-Chalmers Co. to conduct tests on the passage of 
_fingerlings through the 12-in. McNary model turbine in their hydraulic labora- a 
P tory. The offer of Mr. Johnson’s company to cooperate further with the Corps 7 
“of Engineers, or any other agency, in a more comprehensive test program © 


may lead to realistic conclusions ‘regarding the effects of Cavitation 


ie to some reduction in the present impasse between the fisheries and 
the that Mr. Johnson refers: to. In Canada, this has 


has raised po ‘problems not only in to maintaining fish life on 
the rivers and their tributaries but also in regard to multi-purpose use of the © 
dams for flood-control, irrigation, navigation and recreational facilities. 
The writer agrees with Mr. Johnson that the natural resources of our great 
rivers ‘should be developed for useful power and believes that further research 
work will very likely show that this can be done without interfering peed 


“volved in estimating the survival rates among fish passing through the McNary _ 
turbines during the tests conducted by the Washington Department | of 7 
‘Fisheries, the survival rates may have been 99% or 100% rather than the 89% 
rate as stated. The author understands that a statistical analysis of the test — 
= gave a 95% confidence interval on the estimated 89% survival rate 
from 84% to to 94%. This would lead one t to conclude that the probability of of a 99% a 
or 100% survival rate is remote. ‘ 
_ Mr. Johnson’s hypothesis, that young fish can pass safely through turbines © 
under heads up 100 ft. and that they can pass safely through reasonably 
large hydraulic turbines under fully developed cavitating conditions, is — 
tionable. This hypothesis raises the question of fingerling mortality rates in 
turbines operating under heads greater than 100 ft. 
Tluminating data are available in research bulletin no. 3, by Schoeneman 
and Junge, of the Washington Dept. of Fisheries, giving results of studies of Ld 
a rates among fish passing through Francis turbines at the Glines and 7 
lower Elwha dams on the Elwha River. The single turbine at Glines hasa 
SS approximately four times as great as that of each of the four tur-— 
bines at Elwha. Pertinent data for the two dams are givenin Table l. 
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The following is an excerpt from the report on these tests: 


s “The estimated survival rate for Silver yearlings passing through the 
-— Glines t turbine is 69.63 per cent. The 95 per cent confidence interval on 
this survival rate is from 63.03 per cent to 76.92 per cent, indicating a 
7 fone are based on a total catch of 1,594 fish out of a ‘total of 17,925 = 
- released in the penstock and 13,331 released below the turbine in the con- 
trol below the turbine inthe control group.” 
oJ “The survival rate for Chinook Senetiiene at Glines dam in the turbine | 
is 67 per cent while the Fag gp Ag for the same stock of fish at the ' 


is the dams, it appears that the dif- - 
_ ference between the survival rates is due to the head and resultant pres- © 
sure differentials. Therefore, it may be assumed that the critical head at 
which serious losses: occur and ft, of the 


‘TABLE 1. _—SURVIVAL RATES 


nerator clearance 


betwee 


| blades, in 
| Plant kilowatts: | inches 
Chinook 
fingerlings 


Turbine characteristics, other than the head and pressure differentials atl 


r strongly indicate that head and pressure differentials are not the only : 
factors involved. ‘It is unfortunate that the details of con-— 
= at the Glines dam are not included in the report. : 
_ The writer believes that mortality among young fish passing ‘through tur-— 
bines is caused mainly by exposure to cavitation. It is true that even in a “ 
ie. turbine with well- -developed cavitation, the vapor pockets are formed in only 
a small fraction of the discharge area. The cavitation implosions accompany- 
= ing the collapse of the vapor pockets result in alternate compression and ex- 
pansion waves of pressure, which travel through the water with sonic velocity - a 
and are reflected back and forth from. adjacent solid or yielding boundaries © 
= the pressure waves are damped out by friction. A fingerling does not 
have to pass directly through a vapor pocket in order to be exposed to vibra-_ 
= of high amplitude which result in severe physical stresses in its body. : 
ee analogous situation applies: toa a submarine, the hull of which may 7 : 
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be ee to severe stresses resulting fr from: the _ explosion of a depth chi charge — 
_ Glenn H. Von Gunten, M. ASCE, has informed the writer that the Corps of 
a "Engineers has further accepted Mr. Johnson’s offer of cooperation and has 
= conducted additional tests in the Allis- Chalmers Co. _ laboratory. sti Although 
. i these tests may be considered of a very preliminary nature, they showed that — 
in spite of considerable mortality from mechanical causes associated with 
high speed and small blade clearances, it appears that an increase in degree 
of vacuum or cavitating conditions in the runner results in a definite increase 
in fingerling mortality. The results of these preliminary tests appear favor- __ 
aa able toward further model or prototype tests to establish relationships _ 7 
tween ‘speed, o (sigma) | and other turbine characteristics and fingerling mor- _ 
tality. Establishment of these relationships may lead to a further research — 
ee program directed toward solving the problem of successful passage of young 
Mr. Mcliquham has referred to the cavitation tests conducted in the 
Dominion Engineering Work’s hydraulic laboratory. Ine his discussion, he 
‘gives valuable information regarding recent trends in turbine design and also 


gives his ideas regarding the effect of variation in the speed a and | unit power 


oa ‘the wide range in the choice of turbine designs possible for a hydro-electric | 


_ power plant of any specified head and horsepower. rang canta 
ro The writer offers the following additional ‘observations regarding az 
tion as affected by variations in horsepower ‘and diameter of turbines. Two 
cases are considered. analysis applies’ particularly to propeller tur- 
ines but applies also in a general way to Francis turbines. 
Case i. Assume that the head, diameter, speed, and o (sigma) ofa turbine 
installation are fixed. runners are to be des 
4 ‘ 


) a high horsepower characteristic, and : 
“ The specific speed, torque and circulation of runner (d) are less than — 
those of runner (c). : On a typical graph giving recommended limits of plant 


- sigma plotted against specific speed, o for runner (d) lies farther away from 
_the dangerous region than o for runner (c). In stream tubes of equal radii for 


relative to the leading and the blades axe less in runner (d). 
One would therefore expect that if the blades are properly shaped for each 


_ runner, the cavitation characteristics 0 of runner (d) would be better = oe 


Case 2. Assume that the head, speed, horsepower an and o of. a in- 


_ stallation are fixed. Two runners are to be designed with different diameters 


The specific speed and torque mene of te the t two runi runners are the en 
_ If the blade area increases with an increase in 1 diameter, the circulation in : 
_ runner (e) will be less than that in runner (f). In stream tubes of correspond- . 
ing radii in each runner, the absolute velocity of the water as well as the 


ing edges of runner 
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are smaller. These factors point wan an | Amprovement in cavitation meine 7 
On the other hand, in stream tubes near the periphery where the radius of , 
4 stream ‘tube or runner (e) exceeds that of (f) one finds that the peripheral 
_ velocity and the velocity of the water relative to the blades at the leading and 


pes trailing edges are greater | for runner (e). ). It is likely that cavitation would be © : 4 


troublesome in regions near the periphery of a runner of a very large diame- q 
unless the speed of the turbine is fixed at a reasonably value. 
vin waite 
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| or RECLAMATION PRACTICES FOR CONTROL OF 
> 


_ CRACKING IN ARCH DAMS® 


Ab 


KENNETH B. KEENER, 1 f, ASCE. - —Townsend describes the 
tices” of the Bureau of Reclamation in the control of cracking | in dams. 
Those late practices “have been an outgrowth of earlier practices by the 
Bureau. Whether premeditated or not there was a control of cracking in 
as 350 ft high Arrowrock Dam, completed in 1915, and in the 301 ft high Elephant 
= Butte Dam, completed in 1916. This control was by the substitution of fine- 
ground sand for a large of the quantity ordinarily used in 
due to the heat of 


gg For many years after the completion of those dams, the standard proce- 7 
dure was to use four sacks of cement in one cubic yard of concrete. Current 
practice calls for the use of less than three sacks by reason of the : addition of 
-possolanic n materials. In a sense, then, the earlier practices are being re-— 

verted to at the present day. 


Currently the most commonly used methods cracking in 
= constructed by the Bureau are the pipe-cooling method, this ‘supple-— 
mented as necessary by precooling aggregate, low placing lifts, and the use of 
less than three sacks of cement for each cubic yard of interior concrete. With 
the exception of the reduction in in the amet of coment, all of the methods are 
In the June, 1959, Journal of the Power Division (Proc. ‘Paper 2061) Otto 
Holden roger that although the Ontario Hydro- -Electric Commission was 


— 


He further states that careful of the finished con- 
crete has ‘shown _ that there has been no dangerous cracking. 


answering that question it should be borne in mind that there were some par- 7 
‘tially mitigating circumstances. The block lengths in the Commission’s dams" d 
were generally no more than 40 ft. The dams were not high, only two ae 
over 200 ft. _ Also the cold climate and the long periods that the wooden forms 


were left in place had considerable effect on crack elimination. __ eames 
August, 1959, by Charles L. Townsend. 
Cons. Engr. and Chrmn, of Committee on Control of in Masonry Dams. 
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_ time was saved to the extent of allowing earlier generation of power. “4 
In view of the funds saved by the Ontario Hydro-Electric Commission, the 
— 


aie 


judgement of the engineers for the design and construction of the 
dam. A thorough ‘study of the Symposium papers on Control of Cracking in 7 
_ Masonry Dams, given at ‘the February, 1959, convention of the society in Los 
“Angeles, should be of real value to them in determining w what | methods, if any, - 
are most fitting for their particular project. 
Symposium authors recognized that cracking in » dams is 
caused primarily by volume change. Volume change is caused largely by tem-_ 
rn, rise and fall inducing tension and shear stresses in the concrete 


greater than it can take. ~ Relief by cracking is the ultimate ‘result. If the” 
temperature changes are controlled to the extent of keeping hae 
_ changes down to such limits that will not cause greater than safe Diiiicnuiall 
stresses in the concrete, cracking v will be ited minimized. 


bing? ‘ous. 


 &§ 


February, 196000 ror 
ct Evaluation of the additional monetary expenses, by organizations 
‘the Commnission, to control cracking is not easy of determination. 
. Evaluation on the basis of added security of the structures against early de- wee 
terioration and possible failure is doubtless of greater importance, especially 
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the in the past year are by below. Technical-division 
4 _ sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referring to: Air 
Pa __ Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- = 
(HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil — Pe. Se — 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Dao Sey yr 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- “By o ~! 
ae bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning a nA ; 
F< Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating val ae 
‘he issué of a particular Journal in which the paper appeared. For example, Paper 2270 is identified as cma S 
2270(ST9) which indicates that the is contained in the ninth of of the > 


lath 
1933(HY2), 1935(HY2), 1936(SM1), 1938(ST2), 189878); 1940(ST2), 
1942(ST2), 1943(ST2), 1944(ST2), 1945(HY2), 1946(PO1), 1947(PO1), 1948(PO1), 1949(PO1), 
1950(HY2)°, 1951(SM1)°, 1952(ST2)°, 1953(PO1)°, 1954(CO1), 1955(CO}), 1956(CO1), 1957(CO1), 1958(CO}), 


MARCH: 1960(HY3), 1961(HY3), 1962(HY3), ‘1963 1964(IR1), 1965(IR1), 1966(IR1), 1967(SA2), 1968(8A2), 
- 1969(ST3), 1970(ST3), 1971(ST3), 1972(ST3), 1973(ST3), 1974(ST3), 1975(ST3), 1976(WW1), 1977(WW1), 
-1978(WW1), 1979(WW1), 1980(WW1), 1982(WW1), 1983(WW1), 1984(SA2), 1986 


>. 2023(PL2), 2024(PL2), 2025(PL2), 2026(PP1), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 203 1(SA3), 

2032(SA3), 2033(SA3), 2034(ST5), 2035(ST5), 2036(ST5), 2037(STS), 2038(PL2), 20390(PL2), 2040(AT2)° 


2041(PL2)°, 2042(PP1)°, 2043(ST5)°, 2044(SA3)°, 2045 (HYS)®, 2046(PP1), 2047(PP1). 


JUNE: 2048(CP1), 2049(CP1), 2050(CPi), 2051(CP1), 2052(CP1), 2053(CP1), -2054(CP1), 2055(CP1), 2056 
(IY6), 2057(HY6), 2058(HY6), 2059(IR2), 2060(IR2), 2061(PO3), 2062(SM3), 2063(SM3), 2064(SM3), 2065 
(STB), 2066(WW2), 2067(WW2), 2068(WW2), 2069(WW2), 2071(WW2), 2072(CP1)°, 


“JULY: 2079(8Y7), 2080(HY7), 2081(HY7), 2082(HY7), 2083(HY7), 2085 (HY7), 2086(SA4), 2087: 
2088(8A4), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2093(EM3), 2094(EM3), 2095(EM3), 2096 
(EM3), 2097(HY7), 2098(SA4)°, 2099(EM3)°, 2100(AT3), 2101(AT3), 2102(AT3), 2103(AT3), EM), 2006 
, 2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2109(AT3), 2110(AT3), 2111(AT3), 2112(AT3),2113(AT3), 
2114(AT3), 2115(AT3), 2116(AT3), 2117(AT3), 2118(AT3), 2119(AT3), 2120(AT3), 2121(ATS),2122(ATS), 
AUGUST: 2126(HY8), 2127(HY8), 2128(HY8), 2129(HY8), 2130(PO4), 2131(PO4), 2132(PO4), 2133(POM), 21394 
SEPTEMBER: 2141(C02), 2142(CO2), 2143(CO2), 2144(HW3), 2145(HW3), 2146(HW3), 2147(HY9), 2148 (HY9), 
2149(HY9), 2150(HY9), 2151(IR3), 2152(ST7)°, 2153(IR3), 2154(IR3), 2155(IR3), 2156(IR3), 2157(IR3), 2158 
(IR3), 2159(IR3), 2160(IR3), 2161(SA5), 2162(SA5), 2163(ST7), 2164(ST7), 2165(SU1), 2166(SU1),2167(WW3), 
———_-ax68(wws), 2169(WW3), 2170(WW3), 2171(WW3), 2172(WW3), 2173(WW3), 2174(WW3), 2175(WW3), 2176 
 (WW3), 2177(Wws), 2178(CO2)°, 2179(IR3)°, 2180(HW3)°, 2181(SA5)°, 2182(HY9)°, 2183(SU1)°, 2184 


OCTOBER: 218Q(AT4), 2190(AT4), 2191(AT4), 2192(AT4), 2193(AT4), 2194(EM4), 2195(1 EMA), 
ee ae 2198(EM4), 2199(EM4), 2200(HY10), 2201(HY10), 2202(HY10), 2203(PL3), 2204(PL3), 2205 
(PL3), 2207( P05), POS), 2210(SM5), 2211(SM5), 2212(SM5), 2213(SM5), 


(STS), 2296(POS), 2227( POS), 2228(POS), 2229(ST8), 2230(EM4), 2231(EM4), 
2232(AT4), 2233(PL3)°, 2234( EM4)°, 2235(HY10)°, 2236(SM5)®, 2237(ST8)°, 2238(PO5), 2239(ST8), 2240 
NOVEMBER: 2241(HY11), 2242(HY11), 2243(HY11), 2244(HY11), 2245(HY11), 2246(SA6), 2247(SA6), 2248 
BAB), 2249(SA6), 2250(SA6), 2251(SA6), 2252(SA6), 2253(SA6), 2254(SA6), 2255(SA6), 2256(ST9), 2257(ST9), 
2259(ST9), 2260(HY11), 2261(ST9)°, 2262(STS), 2269(HY11), 2264(ST9), 2266(SA6), 
2267(SA6), 2268(SA6), 2269 HY11)°, 2270(ST9). Li 
DECEMBER: 2271(H¥12)°, 2272(CP2), 2273(HW4), 2274(HW4), 2276(HW4), 
2279(HW4), 2280(HW4), 2281(IR4), 2282(IR4), 2283(1R4), 2284(IR4), 2285(PO6), 2286(PO6), 
(P06), 2288(PO6), 2289(PO6), 2290(PO6), 2291(PO6), 2292(SM6), 2293(SM6), 2294(SM6), 2295(SM6), 2296 
(SM6), 2297(Ww4), 2298(WW4), 2299(WW4), 2300(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 2304(HW4), 
2306(CP2), 2307(CP2), 2308(ST10), 2309(CP2), 2310(HY12), 2312(PO6), 2318(PO6), 


2339(HY1), 2340(HY1), 2341(SA1), 2342(EM1), 2343(SA1), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 
2348(EM1)¢, 2349(HY1)°, 2350(ST1), 2351(ST1), 2352(SA1)©, 2353(ST1)°, 2354(ST1). 
FEBRUARY: 2355(COl), 2356(CO1), 2357(COl), 2358(CO1), 2359(CO1), 2360(CO1), 2361(PO1), 2362(HY2), 
+ -2363(ST2), 2364(HY2), "2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
~ 2372(PO1), 2373(SM1), 2374(HY2), 2375(PO1), 2376(HY2), 2377(CO1)°, 2378(SU1), 2379(SU1), 2380(SU1), 
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